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Background of the Invention 



1. Field of the Invention 

[0002] The present invention relates to a timing controller and a 
delay circuit (controlled delay circuit), and more particu- 
larly, to a timing controller adopted for electronic circuits, 
for controlling the timing of a signal by changing the 

phase of the signal. 

2. Description of the Related Art 

[0003] Recent computers employ high-speed CPUs (central pro- 
cessing units: MPUS) and electronic circuits. These high- 
speed devices require high-speed interfaces. 

[0004] jhe access time of a synchronous memory (for example, 
synchronous dynamic random access memory: SDRAM) is 
basically determined by a delay time in an input buffer, a 
delay time in long wiring, and a delay time in an output 
buffer. These delay times are reducible only by reducing 
the chip size or by improving the transistor characteris- 
tics. It is very difficult, therefore, to provide high-speed 
synchronous memories. 

[0005] LSI chips are becoming larger, and the delay time in the 
long wiring reaches one nanosecond or more. These are 



many LSIs that have an access time of five nanoseconds or 
longer. The long access time limits the rate of continuous 
access operations to about 100 MHz. 
[0006] on the other hand, the signal frequency inside a chip can 
be increased by employing a pipeline structure and paral- 
lel-serial conversion. An output circuit of the chip, how- 
ever, is incapable of following the internal speed of the 
chip. It is required, therefore, to provide a timing con- 
troller for properly controlling the timing of a control sig- 
nal to the output circuit according to the period of the 
control signal. The problems of the prior art will be ex- 
plained hereinafter in detail with reference to the accom- 
panying drawings. 
Summary of the Invention 

[0007] An object of the present invention is to provide a timing 
controller for properly controlling the timing of a control 
signal according to the period of the control signal. Fur- 
ther, another object of the present invention is to provide 
a controlled delay circuit for obtaining a signal including a 
required delay time or a required frequency by decreasing 
consumption power without receiving influence of noises 
caused by power voltage or temperature fluctuations. In 
addition, still another object of the present invention is to 



provide a controlled delay circuit (control signal genera- 
tor) capable of correctly generating a high-speed clock 
signal without a quantization error or an offset, as well as 
providing a controlled delay circuit used for such a control 
signal generator. 

[0008] According to the present invention, there is provided a 
controlled delay circuit comprising a first gate chain for 
measuring a time difference between a changeover point 
of a first control signal and a changeover point of a sec- 
ond control signal; and a second gate chain, receiving 
third signals which are generated in the first gate chain 
and represent the time difference, for providing an appro- 
priate delay time from an input to an output depending on 
the time difference. 

[0009] The third control signal may be stored in a memory or a 
register circuit to fix the third control signal. The data 
stored in the memory or register circuit may be renewed 
in accordance with specific clock cycles. 

[0010] Further, according to the present invention, there is pro- 
vided a controlled delay circuit comprising a first gate 
chain having gate circuits connected in series to transmit 
a signal in a first direction; a second gate chain having 
gate circuits connected in series to transmit a signal in a 



second direction opposite to the first direction; and a 
control circuit for activating and inactivating at least a part 
of the first gate chain according to a first control signal 
and at least a part of the second gate chain according to a 
second control signal, and at least one node in the first- 
gate chain being short-circuited to at least one node in 
the second gate chain, to invert an input signal to the first 
gate chain and provide an output signal from the second 
gate chain. 

[001 1] a number of the gate circuits in the first gate chain may 
be at least three and be equal to or greater than a number 
of the gate circuits in the second gate chain. The first and 
second control signals may be produced according to a 
common signal, which may be set to a first level to acti- 
vate the first gate chain and inactivate the second gate 
chain and to a second level to inactivate the first gate 
chain and activate the second gate chain. The control cir- 
cuit may produce the first and second control signals ac- 
cording to a clock signal and a general control signal for 
controlling the controlled delay circuit as a whole. 

[0012] The control circuit may contain a frequency divider. The 

control circuit may divide a frequency of an input signal to 
the first gate chain by N (N being an integer equal to or 



greater than two), to produce control signals each having 
a period that is N times as long as a period of the input 
signal, supply the control signals to N sets of the first and 
second gate chains, and superpose outputs of the N sets, 
to provide an output signal having the same frequency as 
and a different phase from the input signal. The control 
circuit may halve the frequency of the input signal to the 
first gate chain, to produce complementary control signals 
each having a period twice as long as that of the input 
signal, supply the first control signal and second control 
signal to two sets of the first and second gate chains, and 
superpose outputs of the two sets, to provide an output 
signal having the same frequency as and a different phase 
from the input signal. 
[0013] The first control signal and second control signal may be 
supplied to the gate circuits of the first gate chain and 
second gate chain through respective signal lines. The 
signal lines may be connected to the gate circuits of the 
first gate chain and second gate chain through buffers ar- 
ranged for every predetermined number of the gate cir- 
cuits. The buffers may be inverters through which the sig- 
nal lines are alternately connected to the first and second 
gate chains. 



[0014] sizes of transistors forming the gate circuits of the first 
gate chain may be differentiate from sizes of transistors 
forming the gate circuits of the second gate chain, to 
temporally multiply the delay time generated in the first 
gate chain by a given value, which may correspond to a 
ratio of the transistor sizes, and invert the multiplied in- 
put signal. Each of the gate circuits of the first and second 
gate chains may be an inverter having a power source 
controlling transistor to be switched in response to a con- 
trol signal, to activate one of the first and second gate 
chains. 

[0015] Each of the gate circuits of the first and second gate 

chains may be an inverter, a level of a voltage applied to 
the inverters being changed to activate one of the first 
and second gate chains. Each common node in the first 
and second gate chains may be provided with a capacitor 
element to control signal propagation delay characteristics 
of the gate circuits. Capacitances of the capacitor element 
may be gradually increased from an input side of the first 
gate chain toward an output side thereof. 

[0016] An output end of the first gate chain may be set to a high 
impedance state, an input end of the second gate chain 
may be fixed at first potential, an input signal of second 



potential supplied when the first gate chain is activated 
may be reversely transmitted when the second gate chain 
is activated, so that data of the first potential appears at 
an output end of the second gate chain, to thereby repro- 
ducing a time difference between a changeover point of 
the input signal to the first gate chain and a changeover 
point of the first control signal by a time difference be- 
tween a changeover point of the second control signal and 
a changeover point of the output of the second gate 
chain. 

[0017] An input end of the first gate chain may be provided with 
a one-way drive circuit for driving the first gate chain only 
to one of the first potential and second potential. An out- 
put end of the second gate chain may be provided with an 
output buffer for catching only a changeover point from 
first potential to second potential, or from the second po- 
tential to the first potential. 

[0018] The controlled delay circuit may comprise pairs of the first 
and second gate chains, the first and second gate chains 
of each pair receiving different control signals, and a su- 
perposing output buffer for superposing outputs of the 
pairs of the first and second gate chains, to provide an 
output signal having the same frequency as and a differ- 



ent phase from the input signal. The outputs of the pairs 
of the first and second gate chains may be connected to 
one another through switch element each transmitting an 
output of first level of the corresponding pair when sec- 
ond gate chain of the corresponding pair is active, and the 
outputs of the pairs may be controlled by a common con- 
troller to a second level after a time when the superposed 
output of the pairs settles to the second level. 

[0019] The controlled delay circuit may comprise a pro- 
grammable controlled delay circuit whose delay time is 
programmed. The programmable controlled delay circuit 
may be programmed by laser after manufacturing. 

[0020] According to the present invention, there is also provided 
a controlled delay circuit comprising a first gate chain 
having a plurality of first delay units connected in series of 
a first direction, wherein a first input signal being trans- 
ferred in the first direction during a first enabled period 
instructed by a first control signal, and the first input sig- 
nal being digitalized by a unit time-interval, and output; 
and a second gate chain having a plurality of second delay 
units connected in series of a second direction opposite to 
the first direction, wherein the digitalized first input signal 
being input to the second gate during a disable period in- 



structed by a second control signal, and the digitalized 
first input signal being transferred in the second direction 
during a second enabled period enabled by the second 
control signal. 

[0021] Further, according to the present invention, there is pro- 
vided a timing controller comprising a first circuit having 
a first delay time; a second circuit having a second delay 
time; and a time difference expander for expanding a time 
difference between a changeover point of a first signal 
and a changeover point of a second signal a times (a be- 
ing a value greater than one), to provide an output signal 
having a given time difference with respect to a control 
signal, the first signal being passed through the first cir- 
cuit and the second circuit, and the second signal being 
passed through the first circuit. 

[0022] The delay time of the second circuit may be substantially 
equal to the delay time of the first circuit. The first circuit 
may be an input buffer, and the second circuit is a delay 
circuit. The first signal may involve the first delay time 
plus the second delay time with respect to the control sig- 
nal, the second signal may involve the first delay time with 
respect to the control signal, and the time difference may 
be an interval between a changeover point of the first sig- 



nal and a one-cycle-behind changeover point of the sec- 
ond signal. The first signal may involve the first delay time 
plus the second delay time with respect to the control sig- 
nal, the second signal may involve the first delay time with 
respect to the control signal and a period twice as long as 
that of the control signal, and the time difference may be 
an interval between a rise of the first signal and a fall of 
the second signal. 
[0023] The time difference expander may double the time differ- 
ence. The control signal may be a clock signal. The sec- 
ond circuit may comprise a first delay circuit and a second 
delay circuit, the first delay circuit involving a fourth delay 
time that is substantially equal to a third delay time of a 
signal transmitter for transmitting an output of the time 
difference expander to a circuit of the next stage, and the 
second delay circuit having a second delay time that is 
substantially equal to the first delay time. The time differ- 
ence expander may expand a time difference between a 
changeover point of the first signal and a changeover 
point of the second signal N times (N being an integer 
equal to or greater than two), to provide an output signal 
that is inphase with the control signal; the first signal may 
be passed through the first circuit, the first delay circuit, 



and the second delay circuit; and the second signal may 
be passed through the first circuit. 
[0024] The timing controller may provide an output signal before 
a rise or fall of the control signal and sustains the output 
signal for a given period around the rise or fall of the con- 
trol signal. 

[0025] | n addition, according to the present invention, there is 
also provided a timing controller comprising an internal 
circuit, and a time difference expander for expanding a 
time difference between a changeover point of a first sig- 
nal and a changeover point of a second signal N times (N 
being an integer equal to or greater than two), to provide 
a phase-controlled output signal, the first signal being 
passed through the internal circuit and produced by a cy- 
cle of a control signal, and the second signal being passed 
through a part of the internal circuit and produced by the 
next cycle of the control signal. 

[0026] According to the present invention, there is provided an 
electric circuit comprising a clock buffer circuit, and a de- 
lay circuit for shifting a phase of an external first clock 
signal passing through the clock buffer circuit, wherein 
the delay circuit includes L (L>1) groups of delay-time 
generation circuits for generating an appropriate phase 



difference suitable to the electric circuit between L groups 
of first control signals and L groups of second control sig- 
nals; M (M>1) groups of first array circuits having K (K>1) 
number of types of unit-circuits, each type of unit-circuit 
being connected in series to the other type of unit-circuit 
in order to move data of each unit-circuit to the next 
unit-circuit in a first direction, and the unit-circuits of the 
first array circuits being enabled to start the propagations 
by the first control signals and being stopped by the sec- 
ond control signals; N (N>1) groups of second array cir- 
cuits having K (K> 1) number of types of unit-circuits, 
each type of unit-circuit being connected in series to the 
other type of unit-circuit in order to move data of each 
unit-circuit to the next unit-circuit in a second direction 
opposite to the first direction and to output the moved 
data through an output terminal, and the second array 
circuits being started when an input signal being supplied; 
and a data transfer circuit for transferring data from at 
least a part of the unit-circuit of the first array circuits to 
the unit-circuits of the second array circuits in order to 
determine data to be prefetched in the unit-circuit of the 
second array circuits before starting the propagations 
passing through the second array circuits. 



[0027] The first array circuits and the second array circuits may 
include the same types of unit-circuits. The number of 
types of the unit-circuits may be one, and each of the 
unit-circuits may operate as an inverter circuit, when the 
unit-circuits are enabled by the first and second control 
signals. The number of types of the unit-circuits may be 
one, and each of the unit-circuits may operate as a driver 
circuit, when the unit-circuits are enabled by the first and 
second control signals. The number of types of the unit- 
circuits may be two, and one type of the unit-circuits may 
include a NAND gate circuit, and another type of the unit- 
circuits may include a NOR gate circuit. 

[0028] The unit-circuits of the first array circuits may have the 
same configuration as that of the second array circuits, 
and a delay time of the first array circuits may be the 
same as that of the second array circuits during respective 
propagation period. The unit-circuits of the first array cir- 
cuits and the unit-circuits of the second array circuits may 
be constituted by the same sizes of transistors. The unit- 
circuits of the first array circuits and the unit-circuits of 
the second array circuits may be constituted by the same 
layout patterns on a silicon chip. 

[0029] Each of the first control signals and each of the second 



control signals may be transmitted through a common 
node, such that a propagation of the electric circuit is 
started when the common node is at a first level, and the 
propagation is stopped when the common node is at a 
second level. The data transfer circuit may include a data 
latch circuit for storing the data sent from the first array 
circuits. The first array circuits may include data reset cir- 
cuit for initializing data of the unit-circuits of the first ar- 
ray circuits, before starting the propagations through the 
first array circuits. 
[0030] The number of the unit-circuits in the first array circuits 
may be at least three and less than the number of the 
unit-circuits of the second array circuits. The electric cir- 
cuit may further comprise an output synthesizing circuit 
for selectively outputting composite-data sent from one 
of the second array circuits. Each output of the second ar- 
ray circuits may be connected to a common output bus 
and a synthesizing circuit to toggle a common output bus 
in accordance with the outputs of the second array cir- 
cuits. 

[0031] The first array circuits, K (K>1) number of the second ar- 
ray circuits, and a data transfer circuit may constitute one 
set of a first timing control circuit, and the data transfer 



circuit may transfer data from a part of the unit-circuit of 
the first array circuits to the unit-circuits of the second 
array circuits in the same set of the first timing control 
circuit in order to determine data to be prefetched in the 
unit-circuits of the second array circuits before starting 
the propagations passing through the second array cir- 
cuits. 

[0032] The electric circuit may comprise a first set of the first 
timing control circuit for controlling rising edges of an 
output signal, and a second set of the first timing control 
circuit for controlling falling edges of the output signal. 
The electric circuit may comprise a plurality sets of the 
first timing control circuits, and an output synthesizing 
circuit for outputting composite-data sent from one of the 
second array circuits. Each output of the sets of the first 
timing control circuits may be connected to a common 
output bus and a synthesizing circuit to toggle a common 
output bus in accordance with the outputs of the second 
array circuits. A set of the first timing control circuit may 
include K (K>1) types of the second array circuits, each 
type thereof may receive a different type of data from the 
data transfer circuit included in the same set. 

[0033] The first array circuits and the second array circuits may 



include the same types of unit-circuits. The number of 
types of the unit-circuits may be one, and each of the 
unit-circuits may operate as an inverter circuit, when the 
unit-circuits are enabled by the first and second control 
signals. The number of types of the unit-circuits may be 
one, and each of the unit-circuits may operate as a driver 
circuit, when the unit-circuits are enabled by the first and 
second control signals. 

[0034] The number of types of the unit-circuits may be two, and 
one type of the unit-circuits may include a NAND gate cir- 
cuit, and another type of the unit-circuits may include a 
NOR gate circuit. The unit-circuits of the first array cir- 
cuits may have the same configuration as that of the sec- 
ond array circuits, and a delay time of the first array cir- 
cuits may be the same as that of the second array circuits 
during respective propagation period. 

[0035] The unit-circuits of the first array circuits and the unit- 
circuits of the second array circuits may be constituted by 
the same sizes of transistors. The unit-circuits of the first 
array circuits and the unit-circuits of the second array cir- 
cuits may be constituted by the same layout patterns on a 
silicon chip. 

[0036] Each of the first control signals and each of the second 



control signals may be transmitted through a common 
node, such that a propagation of the electric circuit is 
started when the common node is at a first level, and the 
propagation is stopped when the common node is at a 
second level. The data transfer circuit may include a data 
latch circuit for storing the data sent from the first array 
circuits. The first array circuits may include data reset cir- 
cuit for initializing data of the unit-circuits of the first ar- 
ray circuits, before starting the propagations through the 
first array circuits. 
[0037] The number of the unit-circuits in the first array circuits 
may be at least three and less than the number of the 
unit-circuits of the second array circuits. The first and 
second control signals may be generated from a first 
common source signal which has a first level to enable the 
propagation passing through the first array circuits and a 
second level to disable the propagation through the first 
array circuits. 

[0038] The first level of the first common source signal may dis- 
able the propagation passing through the second array 
circuits, and the second level of the first common source 
signal may enable the propagation passing through the 
second array circuits. The number K of the second array 



circuits may be equal to a number J of the first array cir- 
cuits. 

[0039] The first common source signal and the input signal input 
into the second array circuits may be generated from a 
second common source signal. The electric circuit may 
further comprise a common-output synthesizing circuit. 

[0040] Further, according to the present invention, there is also 
provided an electric circuit comprising a first clock buffer 
circuit receiving an external clock signal; a first clock de- 
livery circuit; and a first clock timing control circuit, being 
supplied with an output of the first clock buffer circuit and 
an output of the first clock delivery circuit, for generating 
a preceding internal clock before the output of the first 
clock buffer circuit being output. 

[0041] | n addition, according to the present invention, there is 
provided an electric circuit comprising a first clock buffer 
circuit receiving an external clock signal; a first clock de- 
livery circuit; a first delay circuit for duplicating delay time 
characteristics of the first clock buffer circuit; and a first 
clock timing control circuit, being supplied with an output 
of the first clock buffer circuit and an output of the first 
delay circuit, for generating a preceding internal clock be- 
fore the output of the first clock buffer circuit being out- 



put. 

[0042] The first delay circuit may duplicate delay time character- 
istics of the first clock buffer circuit and the first clock de- 
livery circuit. The electric circuit may further comprise a 
first optional circuit, and the first delay circuit may dupli- 
cate delay time characteristics of the first clock buffer cir- 
cuit, the first clock delivery circuit, and the first optional 
circuit. 

[0043] The electric circuit may further comprise a first clock fre- 
quency control circuit for receiving an output of the clock 
buffer circuit, and an output of the first clock frequency 
control circuit may be also supplied to the first clock tim- 
ing control circuit. The first clock timing control circuit 
may store capability information into a memory, and the 
capability information may relate to the input from the 
output of the first clock buffer circuit and the output of 
the first delay circuit. 

[0044] According to the present invention, there is provided an 
electric circuit comprising a first clock buffer circuit re- 
ceiving an external clock signal; a first clock delivery cir- 
cuit; and a first clock timing control circuit, being supplied 
with an output of the first clock buffer circuit and an out- 
put of the first clock delivery circuit, for generating an 



output coincident with the external clock signal. 

[0045] Further, according to the present invention, there is pro- 
vided an electric circuit comprising a first clock buffer cir- 
cuit receiving an external clock signal; a first clock deliv- 
ery circuit; a first delay circuit for duplicating delay time 
characteristics of the first clock buffer circuit; and a first 
clock timing control circuit, being supplied with an output 
of the first clock buffer circuit and an output of the first 
delay circuit, for generating an output coincident with the 
external clock signal. 

[0046] The first delay circuit may duplicate delay time character- 
istics of the first clock buffer circuit and the first clock de- 
livery circuit. The electric circuit may further comprise a 
first optional circuit, and the first delay circuit may dupli- 
cate a delay time characteristics of the first clock buffer 
circuit, the first clock delivery circuit, and the first op- 
tional circuit. The electric circuit may further comprise a 
first clock frequency control circuit for receiving an output 
of the clock buffer circuit, an output of the first clock fre- 
quency control circuit may be also supplied to the first 
clock timing control circuit, and the first clock timing con- 
trol circuit may generate an output coincident with a part 
of the external clock signal. The first clock timing control 



circuit may store capability information into a memory, 
the capability information may relate to the input from the 
output of the first clock buffer circuit and the output of 
the first delay circuit, and the first clock timing control 
circuit may generate an output coincident with a part of 
the external clock signal. 

[0047] | n addition, according to the present invention, there is 
provided an electric circuit comprising a delay circuit for 
changing a phase of an external first clock signal, to form 
a second clock signal, an optional circuit, and a buffer for 
providing an output according to an output of the op- 
tional circuit in synchronization with the second clock sig- 
nal, wherein the delay circuit comprises a first gate chain 
for measuring a time difference between a changeover 
point of a first control signal and a changeover point of a 
second control signal; and a second gate chain, receiving 
a third control signal which is generated in the first circuit 
and represents the time difference, for providing an ap- 
propriate delay time from an input to an output depend- 
ing on the time difference. 

[0048] The third control signal may be stored in a memory or a 
register circuit to fix the third control signal. The data 
stored in the memory or register circuit may be renewed 



in accordance with specific clock cycles. 
[0049] Further, according to the present invention, there is also 
provided an electric circuit comprising a delay circuit for 
changing a phase of an external first clock signal, to form 
a second clock signal, an optional circuit, and a buffer for 
providing an output according to an output of the op- 
tional circuit in synchronization with the second clock sig- 
nal, wherein the delay circuit comprises a first gate chain 
having gate circuits connected in series to transmit a sig- 
nal in a first direction; a second gate chain having gate 
circuits connected in series to transmit a signal in a sec- 
ond direction opposite to the first direction; and a control 
circuit for activating and inactivating at least a part of the 
first gate chain according to a first control signal and at 
least a part of the second gate chain according to a sec- 
ond control signal, and at least one node in the first gate 
chain being short-circuited to at least one node in the 
second gate chain, to invert an input signal to the first 
gate chain and provide an output signal from the second 
gate chain. 

[0050] According to the present invention, there is provided a 

controlled delay circuit comprising a first converter circuit 
for converting a first time difference between a 



changeover point of a first input signal and a changeover 
point of a second input signal into first gate step informa- 
tion indicating the number of gates corresponding to the 
first time difference, and a second converter circuit for 
converting second gate step information indicating the 
number of gates determined according to the first gate 
step information into a second time difference, to delay a 
third input signal supplied to the second converter circuit 
by the second time difference and provide the delayed 
signal as an output signal; and the first converter circuit 
having an array of at least one first unit circuits regularly 
arranged to transmit the first input signal in a first direc- 
tion; the second converter circuit having an array of at 
least one second unit circuits regularly arranged to trans- 
mit the third input signal in a second direction opposite to 
the first direction, the second unit circuit reproducing the 
delay time of the first unit circuit. 
[0051] The first gate step information may be a set of data gath- 
ered from all or part of the first unit circuits, and the sec- 
ond gate step information may be a set of data supplied 
to all or part of the second unit circuits. Signals may syn- 
chronous to the bits of the first gate step information, re- 
spectively, may be supplied as the second gate step infor- 



mation directly to the second converter circuit. Signals 
that are in phase with the bits of the first gate step infor- 
mation may be supplied as the second gate step informa- 
tion directly to the second converter circuit. Signals that 
are opposite phase to the bits of the first gate step infor- 
mation may be supplied as the second gate step informa- 
tion directly to the second converter circuit. 

[0052] The controlled delay circuit may further comprise a gate 
step information converter circuit disposed between the 
first converter circuit and the second converter circuit, for 
converting the first gate step information into the second 
gate step information. The gate step information con- 
verter circuit may directly supply data from the first unit 
circuits to the second unit circuits, respectively, to adjust 
the delay time of the second converter circuit to that of 
the first converter circuit. 

[0053] The gate step information converter circuit may supply 
data from every "M"th of the first unit circuits to the sec- 
ond unit circuits, to set the delay time of the second con- 
verter circuit to 1/M of that of the first converter circuit. 
Data from every "M"th of the first unit circuits may be 
supplied to the second unit circuits through a required 
number of inverters. The gate step information converter 



circuit may supply data from one of the first unit circuits 
to M pieces of the second unit circuits, to set the delay 
time of the second converter circuit to M times as long as 
that of the first converter circuit. 

[0054] The controlled delay circuit may further comprise a reset 
portion where input and output signals to and from the 
second unit circuits may be reset just before the third in- 
put signal is supplied to the second converter circuit. The 
controlled delay circuit may further comprise latch circuits 
provided for the first unit circuits, respectively, for storing 
data from the first unit circuits, respectively. The con- 
trolled delay circuit may further comprise latch circuits 
provided for the second unit circuits, respectively, for 
storing data to the second unit circuits, respectively. 

[0055] The unit circuits may have inverting gate circuits at least 
having an inversion function, the delay time of each gate 
of the inverting gate circuits being used as a unit time for 
conversion. A period between a changeover point of the 
first input signal and a changeover point where the sec- 
ond input signal changes from a first level to a second 
level may be held as the first gate step information corre- 
sponding to the first time difference. Even ones of the unit 
circuits may be NAND gate circuits and odd ones thereof 



are NOR gate circuits. The first and second unit circuits 
may bias input thresholds of the first and second con- 
verter circuits, to hasten the delay time of those of the 
unit circuits that transmit signals dependent on the first 
input signal. 

[0056] Even ones of the unit circuits may be NOR gate circuits 
and odd ones thereof are NAND gate circuits. The first 
and second unit circuits may bias input thresholds of the 
first and second converter circuits, to hasten the delay 
time of those of the unit circuits that transmit signals de- 
pendent on the first input signal. The unit circuits may 
have reset-signal input terminals to set outputs opposite 
to expected values just before the signals dependent on 
the first input signal are transmitted. 

[0057] The unit circuits may have data fetch circuits for fetching 
data from the unit circuits at a changeover point of the 
second input signal. The unit circuits may have delay time 
adjusting capacitors each having capacitance correspond- 
ing to an input capacitance of the data fetch circuit, for 
equalizing the delay time of each of the unit circuits to 
that of one unit circuit of the first converter circuit. The 
second unit circuits may have reset-signal input terminals 
to set outputs opposite to expected values just before 



signals dependent on the third input signal are transmit- 
ted. 

[0058] The controlled delay circuit may comprise two first con- 
verter circuits to separately set a delay time of a rise of 
the first input signal and a delay time of a fall of the first 
input signal in the first converter circuit. Even and odd 
unit circuits in the first converter circuits may be alter- 
nately NAND and NOR unit circuits, and even unit circuits 
for producing a delay time of a rise of a signal and odd 
unit circuits for producing a delay time of a fall of the sig- 
nal in the second converter circuit may be alternately 
NAND and NOR unit circuits with the arrangement of the 
NAND and NOR unit circuits for the rise delay time being 
opposite to that of the NAND and NOR unit circuits for the 
fall delay time. 

[0059] The controlled delay circuit may comprise a plurality of 
second converter circuits to separately provide pieces of 
delay time for a rise and fall of the second input signal, to 
change the oscillation frequency of the third input signal. 
The controlled delay circuit may comprise a plurality of 
second converter circuits to separately provide pieces of 
delay time for a rise and fall of the second input signal, to 
increase the oscillation frequency of the third input signal 



by a multiple. 

[0060] a first converter circuit may convert a time difference be- 
tween a rise of the first input signal and a changeover 
point of the second input signal into gate step information 
indicating the number of gates, another first converter 
circuit may convert a time difference between a fall of the 
first input signal and a changeover point of the second in- 
put signal into gate step information indicating the num- 
ber of gates, and a delay time of a rise of the third input 
signal supplied to the second converter circuit and a delay 
time of a fall of the third input signal may be separately 
determined according to the two pieces of gate step in- 
formation. A first converter circuit may convert a time dif- 
ference between a rise of the first input signal and a 
changeover point of the second input signal into gate step 
information indicating the number of gates, and another 
first converter circuit may convert a time difference be- 
tween a fall of the first input signal and a changeover 
point of the second input signal into gate step information 
indicating the number of gates, to separately provide 
pieces of delay time for a rise and fall of the second input 
signal with respect to the second converter circuit accord- 
ing to the two pieces of gate step information and change 



the oscillation frequency of the third input signal. 

[0061] The first input signal may be supplied to the first one of 
the first unit circuits. The first input signal may be sup- 
plied as a reset signal to the first unit circuits, to put a 
delay forming gate in each of the first unit circuits in a re- 
set state or an inverted state. An input to the first one of 
the first unit circuits may be set to a fixed level, and when 
the first input signal specifies the inverted state, the first 
converter circuit may start signal transmission. The con- 
trolled delay circuit may comprise a plurality of second 
converter circuits, the first one of the unit circuits in at 
least one of the second converter circuits may include a 
NAND delay circuit, the first one of the unit circuits in at 
least one of the second converter circuits including a NOR 
delay circuit, and an input level to the first one of the unit 
circuits may be fixed to form an inverter delay circuit. 
Only the first one of the second unit circuits may include 
an inverter delay circuit. 

[0062] The first one of the second unit circuits may clamp an in- 
put to invert the second gate step information if the time 
difference is longer than the delay time of the first con- 
verter circuit. The first one of the second unit circuits may 
clamp an input so that the delay circuit in the first one of 



the second unit circuits serves as an inverter. 
[0063] The first and second input signals may be periodically 
supplied to the first converter circuit at intervals of M 
changeover points, to reproduce the second gate step in- 
formation. The reproduced second gate step information 
may be reset when the second converter circuit does not 
transmit the third input signal. A change between new and 
old values of the second gate step information may be set 
below a given value, to gradually change the delay time. 
The controlled delay circuit may comprise two second 
converter circuits to separately form delays for a rise and 
fall of an input signal, an output in each of the second 
converter circuits being connected to a synthesized out- 
put node through a bus, and an output section in each of 
the second converter circuits being provided with a circuit 
for providing given data within a predetermined period 
after an output is changed from one to another, to suffi- 
ciently increase output impedance in the remaining pe- 
riod. 

[0064] The controlled delay circuit may comprise a plurality of 

pairs of second converter circuits, one of the second con- 
verter circuits of each pair delaying the timing of a rise of 
an output, the other of the second converter circuits of 



each pair delaying the timing of a fall of the output, the 
output changeover timing of opposite output being deter- 
mined by another output changeover timing means, an 
output in each of the second converter circuits and the 
output of the output changeover timing means being con- 
nected to a synthesis output node through buses. The 
controlled delay circuit may comprise 2M second con- 
verter circuits, to provide an output signal whose fre- 
quency is M times as large as that of the third input sig- 
nal. Each of the second converter circuits may be provided 
with a delay time fine adjustment circuit, so that each of 
the second converter circuits may provide an output sig- 
nal whose timing frequency is synchronous to the third 
input signal. 

[0065] The second converter circuit may have a delay circuit for 
electrically controlling the delay time of the second con- 
verter circuit. The controlled delay circuit may comprise 
an odd number of second converter circuits, the inputs 
and outputs of the second converter circuits are con- 
nected to one another to form a ring oscillator to provide 
a signal whose period is L/M times (L and M being inte- 
gers) the time difference set by the first converter circuit. 

[0066] The controlled delay circuit may comprise an even number 



of second converter circuits and an odd number of in- 
verter gates, the inputs and outputs of the second con- 
verter circuits may be connected to one another through 
inverter gates, to form a ring oscillator to provide a signal 
whose period is L/M times (L and M being integers) the 
time difference set by the first converter circuit. The sec- 
ond converter circuits may have delay circuits for electri- 
cally controlling a delay time, the delay circuits may be 
controlled to synchronize the changeover timing of the 
output of any one of the second converter circuits with the 
changeover timing of an external clock signal, to provide 
a signal whose period is L/M times (L and M being inte- 
gers) the time difference set by the first converter circuit. 
The second converter circuits may comprise delay circuits 
having a fixed delay time that is determined in considera- 
tion of manufacturing fluctuations, the delay circuits may 
be controlled to synchronize the changeover timing of the 
output of any one of the second converter circuits with the 
changeover timing of an external clock signal, to provide 
an internal clock signal that changes more quickly than 
the external clock signal by the fixed time. 
[0067] According to the present invention, there is provided a 
controlled delay circuit for adding a given delay to an in- 



put signal and providing a delayed output signal, com- 
prising a gate array having cascaded gate units to provide 
the output signal; and a gate specifying circuit for speci- 
fying, according to stored data, one of the gate units to 
start delaying the input signal. 
[0068] Each of the gate units may receive the output of the pre- 
ceding gate unit, the input signal, and the output of a 
corresponding unit circuit of the gate specifying circuit. 
The controlled delay circuit may further comprise an input 
switching circuit for supplying the input signal to one of 
the gate units according to data stored in the gate speci- 
fying circuit. Each of the gate units may receive the output 
of the preceding gate unit and the output of a corre- 
sponding switching unit of the switching circuit. Each of 
the switching units may be switched according to the out- 
put of a corresponding unit circuit of the gate specifying 
circuit. 

[0069] The gate specifying circuit may be a register circuit that 
receives a write signal and an address signal to specify 
one of the gate units that starts to delay the input signal. 
The register circuit may be reset in response to a reset 
signal. 

[0070] The gate specifying circuit may be a shift register circuit 



that receives a shift signal to specify one of the gate units 
that starts to delay the input signal. The shift register cir- 
cuit may be reset in response to a reset signal. 

[0071] The controlled delay circuit may further comprise a com- 
parator for comparing the output signal of the gate array 
with a reference signal; and a controller for feedback con- 
trolling, in response to the output of the comparator, sig- 
nals supplied to the gate specifying circuit to specify one 
of the gate units that starts to delay the input signal. 

[0072] Further, according to the present invention, there is also 
provided a control signal generator for generating a con- 
trol signal whose period is determined according to the 
period of an input signal, comprising a first gate array 
having cascaded gate units to receive the input signal; a 
second gate array having cascaded gate units to receive 
the output of the first gate array; a comparator for com- 
paring the output of the second gate array with the input 
signal; and a gate specifying circuit for specifying, ac- 
cording to the output of the comparator, one of the first 
gate units that starts to delay the input signal as well as 
one of the second gate units that starts to delay the out- 
put of the first gate array. 

[0073] The control signal generator may provide an output signal 



whose frequency is twice as large as that of the input sig- 
nal. The control signal generator may further comprise an 
output logic circuit for providing a result of logical opera- 
tion of the output of the first gate array and the output of 
the second gate array. The control signal generator may 
further comprise an output logic circuit for providing a re- 
sult of logical operation of the input signal and the output 

of the first gate array. 
Brief Description of the Drawings 

[0074] The present invention will be more clearly understood 

from the description of the preferred embodiments as set 
forth below with reference to the accompanying drawings, 
wherein: 

[0075] FIG. 1 is a diagram for explaining a timing controller ac- 
cording to a prior art; 

[0076] FIG. 2 is a block diagram schematically showing an exam- 
ple of a circuit employing a timing controller; 

[0077] FIG. 3 is a diagram for explaining a timing controller ac- 
cording to another prior art; 

[0078] FIG. 4 is a diagram showing a principle of a timing con- 
troller according to the present invention; 

[0079] FIG. 5 is a diagram for explaining a timing controller ac- 
cording to a first embodiment of the present invention; 



[0080] FIG. 6 is a diagram for explaining a timing controller ac- 
cording to a second embodiment of the present invention; 

[0081] FIG. 7 is a diagram for explaining a timing controller ac- 
cording to a third embodiment of the present invention; 

[0082] FIG. 8 is a diagram for explaining a timing controller ac- 
cording to a fourth embodiment of the present invention; 

[0083] FIG. 9 is a diagram for explaining a timing controller ac- 
cording to a fifth embodiment of the present invention; 

[0084] FIG. 10 is a diagram for explaining a timing controller ac- 
cording to a sixth embodiment of the present invention; 

[0085] FIG. 11 is a diagram for explaining a timing controller ac- 
cording to a seventh embodiment of the present inven- 
tion; 

[0086] FIG. 12 is a diagram for explaining a timing controller ac- 
cording to an eighth embodiment of the present inven- 
tion; 

[0087] FIG. 13 is a diagram for explaining a timing controller ac- 
cording to a ninth embodiment of the present invention; 

[0088] FIG. 14 is a diagram for explaining a timing controller ac- 
cording to a tenth embodiment of the present invention; 

[0089] FIG. 15 is a diagram for explaining a timing controller ac- 
cording to an eleventh embodiment of the present inven- 
tion; 



[0090] FIG. 16 is a diagram for explaining a timing controller ac- 
cording to a twelfth embodiment of the present invention; 

[0091] FIG. 17 is a diagram for explaining a timing controller ac- 
cording to a thirteenth embodiment of the present inven- 
tion; 

[0092] FIG. 18 is a diagram for explaining a timing controller ac- 
cording to a fourteenth embodiment of the present inven- 
tion; 

[0093] FIG. 19 is a diagram for explaining a circuit employing a 
timing controller according to the present invention; 

[0094] FIGS. 20A, 20B, and 20C are diagrams showing a clock 
generator employing a timing controller according to the 
present invention; 

[0095] FIGS. 21A and 2 IB are timing charts showing signals in 
the clock generator of FIGS. 20A to 20C; 

[0096] FIG. 22 is a block diagram showing an example of a con- 
trolled delay circuit according to a prior art; 

[0097] FIG. 23 is a block diagram showing another example of a 
controlled delay circuit according to a prior art; 

[0098] FIG. 24 is a block diagram schematically showing an ex- 
ample of a phase-locked-loop (PLL) circuit according to a 
prior art; 

[0099] FIG. 25 is a block diagram showing a principle configura- 



tion of a delay-line-lock (DLL) circuit employing a con- 
trolled delay circuit according to the present invention; 

[0100] FIGS. 26A and 26B are diagrams showing a principle con- 
figuration of a controlled delay circuit employing the 
present invention; 

[0101] FIGS. 27A and 27B are diagrams showing clock signal 

generation circuits; FIG. 27C is a timing chart for explain- 
ing operations of the clock signal generation circuits of 
FIGS. 27A and 27B; 

[0102] FIG. 28 is a circuit diagram showing a first embodiment of 
a controlled delay circuit according to the present inven- 
tion; 

[0103] FIG. 29 is a timing chart for explaining operations of the 
controlled delay circuit of FIG. 28; 

[0104] FIGS. 30A and 30B are circuit diagrams showing a second 
embodiment of a controlled delay circuit according to the 
present invention; 

[0105] FIG. 31 is a timing chart for explaining operations of the 
controlled delay circuit of FIGS. 30A and 30B; 

[0106] FIGS. 32A and 32B are circuit diagrams showing unit cir- 
cuits of the controlled delay circuit according to the 
present invention; 

[0107] FIG. 32C is a timing chart for explaining operations of the 



unit circuits of FIGS. 32A and 32B; 

[0108] FIGS. 33A and 33B are circuit diagrams showing another 
unit circuits of the controlled delay circuit according to 
the present invention; 

[0109] FIGS. 34A and 34B are circuit diagrams showing still an- 
other unit circuits of the controlled delay circuit according 
to the present invention; 

[0110] FIGS. 35A and 35B are circuit diagrams showing still an- 
other unit circuits of the controlled delay circuit according 
to the present invention; 

[° 111 ] FIG. 36 is a circuit diagram showing a third embodiment 
of a controlled delay circuit according to the present in- 
vention; 

[0112] FIG. 37 is a timing chart for explaining operations of the 

controlled delay circuit of FIG. 36; 
[0113] FIGS. 38A and 38B are circuit diagrams showing a fourth 

embodiment of a controlled delay circuit according to the 

present invention; 
[0114] FIG. 39 is a timing chart for explaining operations of the 

controlled delay circuit of FIGS. 38A and 38B; 
[0115] FIGS. 40A and 40B are circuit diagrams showing a fifth 

embodiment of a controlled delay circuit according to the 

present invention; 



[0116] FIG. 41 is a timing chart for explaining operations of the 
controlled delay circuit of FIGS. 40A and 40B; 

[0117] FIGS. 42A and 42B are circuit diagrams showing a sixth 
embodiment of a controlled delay circuit according to the 
present invention; 

[0118] FIG. 43 is a timing chart for explaining operations of the 
controlled delay circuit of FIGS. 42A and 42B; 

[0119] FIGS. 44A and 44B are circuit diagrams showing a seventh 
embodiment of a controlled delay circuit according to the 
present invention; 

[0120] FIG. 45 is a timing chart for explaining operations of the 
controlled delay circuit of FIGS. 44A and 44B; 

[0121] FIG. 46 is a circuit diagram showing an example of an ar- 
ray configuration applied to the controlled delay circuit 
according to the present invention; 

[0122] FIG. 47 is a circuit diagram showing another example of 
an array configuration applied to the controlled delay cir- 
cuit according to the present invention; 

[0123] FIG. 48 is a circuit diagram showing still another example 
of an array configuration applied to the controlled delay 
circuit according to the present invention; 

[0124] FIG. 49 is a circuit diagram showing still another example 
of an array configuration applied to the controlled delay 



circuit according to the present invention; 
[0125] FIGS. 50A and 50B are circuit diagrams showing an eighth 

embodiment of a controlled delay circuit according to the 

present invention; 
[0126] FIG. 51 is a timing chart for explaining operations of the 

controlled delay circuit of FIGS. 50A and 50B; 
[0127] FIGS. 52A and 52B are circuit diagrams showing a ninth 

embodiment of a controlled delay circuit according to the 

present invention; 
[0128] FIG. 53 is a timing chart for explaining operations of the 

controlled delay circuit of FIGS. 52A and 52B; 
[0129] FIGS. 54A and 54B are circuit diagrams showing a tenth 

embodiment of a controlled delay circuit according to the 

present invention; 
[0130] FIG. 55 is a timing chart for explaining operations of the 

controlled delay circuit of FIGS. 54A and 54B; 
[0131] FIGS. 56A and 56B are circuit diagrams showing an 

eleventh embodiment of a controlled delay circuit accord- 
ing to the present invention; 
[0132] FIG. 57 is a timing chart for explaining operations of the 

controlled delay circuit of FIGS. 56A and 56B; 
[0133] FIGS. 58A and 58B are circuit diagrams showing a twelfth 

embodiment of a controlled delay circuit according to the 



present invention; 

[0134] FIG. 59 is a diagram showing the relationship between an 
input time difference and an output time difference in the 
controlled delay circuit of FIGS. 26A and 26B; 

[0135] FIG. 60 is a block diagram showing a controlled delay cir- 
cuit according to a thirteenth embodiment of the present 
invention; 

[0136] FIG. 61 is a block diagram showing a controlled delay cir- 
cuit according to a fourteenth embodiment of the present 
invention; 

[0137] FIG. 62 is a block diagram showing a controlled delay cir- 
cuit according to a fifteenth embodiment of the present 
invention; 

[0138] FIG. 63 is a block diagram showing a controlled delay cir- 
cuit according to a sixteenth embodiment of the present 
invention; 

[0139] FIG. 64 is a block diagram showing a controlled delay cir- 
cuit according to a seventeenth embodiment of the 
present invention; 

[0140] FIG. 65 is a block diagram showing a controlled delay cir- 
cuit according to an eighteenth embodiment of the 
present invention; 

[0141] FIGS. 66A and 66B are circuit diagrams showing a con- 



trolled delay circuit according to a nineteenth embodi- 
ment of the present invention; and 
[0142] FIG. 67 is a block diagram showing an example of a con- 
trol signal generator according to the present invention. 
Description of the Preferred Embodiments 

[0143] For a better understanding of the preferred embodiments 
of the present invention, the problems of the prior arts 
will be explained. 

[0144] Figure 1 explains a timing controller according to the 

prior art. An access time is determined by a delay time in 
an input buffer, a delay time in wiring, and a delay time in 
an output buffer as indicated by (a) in FIG. 1. In the case 
of a synchronous memory, an external clock signal CLK 
rises at an input terminal IN as indicated by (c) and (d), 
and an output terminal OUT provides data after the access 
time as indicated by (b). 

[0145] The clock signal (c) has a conventional speed, and the 
clock signal (d) has a high speed. When the high-speed 
clock signal (d) is employed, an output is determined only 
after a cycle of the clock signal. 

[0146] Figure 2 is a block diagram showing a circuit employing a 
timing controller according to the prior art. This circuit in- 
cludes a clock buffer 221, LSIs 222, 223, and 224 serving 



as functional blocks or internal circuits, and registers 225, 

226, and 227. 

[0147] The registers 225 to 227 are connected to output termi- 
nals of the LSIs 222 to 224, respectively. The clock buffer 
221 supplies a clock signal CLK to the registers 225 to 

227. Each of the LSIs 222 to 224 provides processed data 
in a separate cycle of the clock signal. Namely, the clock 
signal is supplied to an input terminal IN of the LSI 222, 
and an output terminal OUT provides processed data after 
three cycles of the clock signal. The LSIs 222 to 224 may 
be fabricated on a single chip. The timing controller may 
be arranged in the clock buffer 221, or in each of the LSIs 
222, 223, and 224. 

[0148] Timing controllers are adopted for various electronic cir- 
cuits having LSIs, or are installed in chips accommodating 
functional blocks or internal circuits. 

[0149] Figure 3 explains a timing controller according to another 
prior art for pipeline processes. 

[0150] Each pipeline process is accessed three cycles before, to 
absorb a delay time in an input buffer, a delay time in 
wiring, and a delay time in an output buffer. Namely, an 
access time is synchronized with three clock cycles, to in- 
sert a sufficient margin in an internal transmission time. 



[0151] when a pipeline process is accessed three cycles before a 
clock signal CLK, the output of the pipeline process will 
not be determined if the frequency of the clock signal CLK 
is changed. Usually, an output signal must be sustained 
for a given interval around a rise of an external clock sig- 
nal. If the frequency of the clock signal CLK is changed, 
the timing of determining an output will not be synchro- 
nized with the clock signal, to cause a malfunction. 

[° 152 ] It is necessary, therefore, to employ a delay circuit or a 
timing controller to vary the delay time depending on the 
period of a clock signal, or a circuit for shifting the phase 
of a clock signal by {(clock cycle time) x 2-(access 
time)-l/2 output sustain time}. A delay circuit consisting 
of a simple gate chain (gate array) is incapable of produc- 
ing such a delay time. A PLL (phase-locked loop) circuit 
may produce this delay time. The PLL, however, is an ana- 
log circuit vulnerable to noise in a power source. In addi- 
tion, the PLL is a large circuit which consumes a lot of 
power. 

[0153] Figure 4 shows a principle of a timing controller according 

to the present invention. 
[0154] As explained above, a simple gate chain is incapable of 

setting a delay time of {(clock cycle time) x 2-(access 



time)-l/2 output sustain time}. 

[0155] The present invention reproduces a time 2 from a time 

difference t1 between changeover points of first and sec- 
ond signals as shown in FIG. 4. For the sake of simplicity 
of explanation, an output is provided at a rise of a clock 
signal in the following explanation. 

[0156] jo secure an output determination time, an output in FIG. 
4 must be changed earlier than the second clock cycle. If a 
delay time in a second input buffer is omitted, a 
changeover point of the output will be earlier by the delay 
time. Alternatively, a delay time in a first output buffer 
may be increased to achieve the same effect. 

[0157] | n this way, the present invention provides a circuit for re- 
producing a time difference between changeover points of 
two signals. This circuit realizes a timing controller with- 
out a PLL that is vulnerable to noise and consumes a lot of 
power. The timing controller according to the present in- 
vention is capable of properly controlling the timing of a 
control signal according to the period of the control sig- 
nal. 

[0158] The timing controller of the present invention is also ca- 
pable of providing an output according to a clock signal of 
optional frequency even if the frequency is changed 



thereafter. The present invention, therefore, is effective to 
increase an operation frequency. 

[0159] Next, preferred embodiments of the present invention will 
be explained with reference to the drawings. 

[0160] Figure 5 explains a timing controller according to the first 
embodiment of the present invention. This embodiment 
includes an input buffer 1 involving a delay time IB- 1, a 
delay circuit 2 involving a delay time IB-2, and a time dif- 
ference expander 3 involving a delay time Q. The ex- 
pander 3 doubles the time difference t between 
changeover points of two signals. 

[0161] The input buffer 1 receives a control signal (clock signal) 
CLK. The delay time of the input buffer 1 is substantially 
equal to the delay time of the delay circuit 2. The input 
buffer 1 and delay circuit 2 collectively produce a first sig- 
nal A having a delay time of IB- 1 plus IB-2 according to 
the control signal CLK. The input buffer 1 produces an in- 
ternal clock signal C having a delay time IB- 1 according to 
the control signal CLK. A second signal B is produced by 
doubling the period of the internal clock signal C. 

[0162] The delay time Q of the expander 3 is two times a time 
difference t between a rise of the first signal A and a fall 
of the second signal B, or between a rise of the first signal 



A and a one-cycle-behind rise of the internal clock signal 
C. The expander 3 provides a phase-controlled output 
signal OUT. The output signal OUT has the same phase as 
the control signal CLK supplied to an input terminal IN. 

[0163] The expander 3 may multiply the time difference t not 
only by 2 but also by N (N being an integer equal to or 
greater than 2). Namely, the expander 3 produces a delay 
time that is N times as long as the time difference t and 
provides an output signal having the same phase as the 
external control signal CLK. 

[0164] The present invention digitally sets the delay time of a cir- 
cuit according to a change in a cycle time of a control sig- 
nal (clock signal). The delay circuit or timing controller ac- 
cording to the present invention accurately digitally multi- 
plies a time difference between two signals, which change 
in response to a clock signal, by N (N being an integer 
equal to or larger than 2). For the sake of simplicity of ex- 
planation, some of the embodiments of the present in- 
vention provide an output signal at a rise of a clock signal. 
In practice, however, the output signal is provided with a 
required delay. 

[0165] Figure 6 explains a timing controller according to the sec- 
ond embodiment of the present invention. The second 



embodiment includes a second circuit 2 consisting of two 
delay circuits 21 and 22. The first delay circuit 21 includes 
long wiring and involves a delay time P, which is substan- 
tially equal to a delay time R of a signal transmitter 4. The 
delay time R is an interval in which a phase-controlled 
clock signal is transferred from a time difference ex- 
pander 3 to a circuit of the next stage. The second delay 
circuit 22 involves a delay time IB-2, which is substantially 
equal to a delay time IB— 1 of an input buffer 1. The sec- 
ond delay circuit 22 may be dummy wiring like the signal 
transmitter 4. 

[0166] An external control signal (clock signal) CLK is passed 

through the input buffer 1, first delay circuit 21, and sec- 
ond delay circuit 22, to produce a first signal A. The con- 
trol signal CLK is passed through the input buffer 1, to 
produce a second signal B (C). The expander 3 doubles, or 
multiplies by N, the time difference t between changeover 
points of the two signals A and B, to provide an output 
signal that is inphase with the control signal CLK. 

[0167] Figure 7 explains a timing controller according to the 

third embodiment of the present invention. The third em- 
bodiment includes an internal circuit including an input 
buffer 1, a long wiring delay circuit 21, an output buffer 



23, and a delay circuit 22. 

[0168] a cycle M of an external control signal (clock signal) CLK 
is passed through the input buffer 1, delay circuit 21, out- 
put buffer 23, and delay circuit 22, to produce a first sig- 
nal A. A cycle M+l of the control signal CLK is passed 
through the input buffer 1, to produce a second signal B. 
A time difference expander 3 doubles, or multiplies by N, 
the time difference t between changeover points of the 
two signals A and B as in the first embodiment. 

[0169] a signal transmitter 4 adds a delay time R to the output of 
the expander 3. The delay time R is substantially equal to 
a delay time P of the delay circuit 21. The transmitter 4 
provides an output signal OUT that changes earlier than 
the control signal CLK by the delay time of the output 
buffer 23. 

[0170] Figure 8 explains a timing controller according to the 

fourth embodiment of the present invention. This embod- 
iment includes an internal circuit including an input buffer 
1, a long wiring delay circuit 21, an output buffer 23, and 
delay circuits 24 and 22. A signal from a time difference 
expander 3 is passed through a long wiring delay circuit 
(signal transmitter) 4 and an output buffer 5. The first de- 
lay circuit 21 has a delay time P, which is substantially 



equal to a delay time R of the transmitter 4. The output 
buffer 23 has a delay time S, which is substantially equal 
to a delay time U of the output buffer 5. 

[0171] a cycle M of a control signal (clock signal) CLK is passed 
through the input buffer 1, delay circuit 21, output buffer 
23, and delay circuits 24 and 22, to produce a first signal 
A. A cycle M + l of the control signal CLK is passed 
through the input buffer 1, to produce a second signal B. 
The difference between the first and second signals A and 
B is supplied to the expander 3. The output of the ex- 
pander 3 is passed through a second internal circuit in- 
cluding the delay circuit 4 and output buffer 5, to provide 
a phase-controlled output signal OUT. 

[0172] The output signal OUT of this embodiment changes earlier 
than the control signal CLK by the delay time T of the de- 
lay circuit 24. 

[0173] Figure 9 explains a timing controller according to the fifth 
embodiment of the present invention. This embodiment is 
based on the fourth embodiment. 

[0174] The fifth embodiment employs a delay circuit 24 having a 
delay time T to determine the timing of an output signal 
OUT. Namely, the output signal OUT changes earlier than 
a control signal (clock signal) CLK by the delay time t of 



the delay circuit 24. More precisely, the output signal OUT 
changes before a rise or a fall of the control signal CLK 
and is sustained for a given interval around the rise or fall 
of the control signal CLK, thereby securing a correct oper- 
ation. 

[0175] Figure 10 shows signals generated in a timing controller 
according to the sixth embodiment of the present inven- 
tion. 

[0176] a time difference expander 3 doubles, or multiplies by N, 
the time difference t between changeover points of two 
signals A and B. A control signal (clock signal) CLK is 
passed through an input buffer 1 and a delay circuit 2, to 
generate the first signal A involving a delay time of IB— 1 
plus IB-2. The control signal CLK is passed through the 
input buffer 1, to generate the second signal B involving a 
delay time IB- 1. The time difference t between 
changeover points of the first and second signals A and B 
is doubled by the expander 3. The period of the second 
signal B is twice as long as the control signal CLK. An in- 
ternal clock signal C may be used instead of the signal B, 
to define the time difference t. 

[0177] The time difference t is an interval between a rise of the 

first signal A and a fall of the signal B, or between a rise of 



the first signal A and a one-cycle-behind rise of the inter- 
nal clock C. The expander 3 doubles the time difference t, 
to produce a delay time Q. The expander 3 provides a 
phase-controlled output signal OUT, which is in phase 
with the control signal CLK supplied to an input terminal 
IN. 

[0178] Figures 11 to 19 explain timing controllers according to 
the seventh to 15th embodiments of the present inven- 
tion, respectively. In particular, these figures show the de- 
tails of time difference expanders (delay circuits) 3 for 
doubling, or multiplying by N, a time difference t. 

[0179] Figure 11 shows a delay circuit (time difference expander) 
according to the seventh embodiment of the present in- 
vention. The delay circuit includes a first gate chain AA 
containing gate circuits Al to An, a second gate chain BB 
containing gate circuits Bl to Bm, a first control signal X, 
and a second control signal Y. 

[0180] The gate circuits Al to An of the first gate chain AA are 
connected in series to transmit a signal in a first direction 
from the gate circuit Al toward the gate circuit An. The 
first control signal X activates at least a part of the first 
gate chain AA. The gate circuits Bl to Bm of the second 
gate chain BB are connected in series to transmit a signal 



in a second direction, which is opposite to the first direc- 
tion, from the gate circuit Bm toward the gate circuit Bl. 
The second control signal Y activates at least a part of the 
second gate chain BB. 
[0181] The first control signal X is supplied to the gate circuits 
Al to An of the first gate chain AA through a signal line 
SLA. The second control signal Y is supplied to the gate 
circuits Bl to Bm of the second gate chain BB through a 
signal line SLB. 

[0182] The outputs of the gate circuits Al to An-1 of the first 

gate chain AA are connected to input terminals of the gate 
circuits Bl to Bm-1 of the second gate chain BB, respec- 
tively. The input and output terminals of the gate circuits 
of the first and second gate chains AA and BB are not re- 
quired to be entirely short-circuited. In the embodiment 
of FIG. 11, the number of the gate circuits Al to An of the 
first gate chain AA is equal to the number of the gate cir- 
cuits Bl to Bm of the second gate chain BB. Namely, n = m. 
The number of the gate circuits of each gate chain is at 
least three. 

[0183] The first and second control signals X and Y are produced 
from a common signal (base signal: clock signal) CLK. The 
first control signal X corresponds to the common signal 



CLK, and the second control signal Y corresponds to an 
inversion of the common signal CLK. When the common 
signal CLK is high, the first gate chain AA is activated and 
the second gate chain BB is inactivated. When the common 
signal CLK is low, the first gate chain AA is inactivated and 
the second gate chain BB is activated. 

[0184] when the common signal CLK is high to activate the first 
gate chain AA and inactivate the second gate chain BB 
during an interval t, the first gate chain AA provides data 
of "11010", for example. When the common signal CLK 
becomes low to activate the second gate chain BB and in- 
activate the first gate chain AA, the second gate chain BB 
provides inverted data of "01011" in an interval t. 

[0185] Figure 12 shows a delay circuit according to the eighth 
embodiment of the present invention. Inverters (buffers) 
IA and IB are provided for every given number of gate cir- 
cuits. The inverters are arranged in signal lines SLA and 
SLB and serve as buffers. The signal lines SLA and SLB are 
alternately connected to gate chains AA and BB through 
the inverters IA and IB. The inverters IA and IB may be re- 
placed with buffers that provide positive logic signals. In 
this case, it is not necessary to alternately connect the 
signal lines SLA and SLB to the gate chains AA and BB. 



[0186] Figure 13 shows a delay circuit according to the ninth em- 
bodiment of the present invention. An output end 
OUT(AA) of a first gate chain AA is set to a high 
impedance state, and an input end IN(BB) of a second gate 
chain BB is fixed to low potential (first potential). A control 
signal (clock signal) CLK of high level activates the first 
gate chain AA. At this time, the first gate chain AA pro- 
vides a signal of high potential (second potential). When 
the second gate chain BB is activated, the high potential 
signal is passed through the second gate chain BB in a re- 
verse direction. Then, an output end OUT(BB) of the sec- 
ond gate chain BB provides data of low level. Conse- 
quently, a time difference t between changeover points of 
an input signal to the first gate chain AA and a first con- 
trol signal X (CLK) is reproduced according to a time dif- 
ference t between changeover points of a second control 
signal Y (/CLK) and the output signal of the second gate 
chain BB. This delay circuit of the ninth embodiment cor- 
responds to the time difference expander 3 of any one of 
the embodiments of FIGS. 5 to 9 for doubling a time dif- 
ference t between changeover points of two signals. 

[0187] Figure 14 shows a delay circuit according to the 10th em- 
bodiment of the present invention. Gate circuits Al to An 



of a first gate chain AA and gate circuit Bl to Bm of a sec- 
ond gate chain BB are inverters. The numbers of the gate 
circuits in the gate chains AA and BB are equal to each 
other and are each an even number 2N. The size of each 
transistor of the gate circuits Al to An of the first gate 
chain AA is different from the size of each transistor of 
the gate circuits Bl to Bm of the second gate chain BB. 
Accordingly, an input signal to the first gate chain AA is 
temporally multiplied by a value determined by the ratio 
of the transistor sizes and is inverted. Namely, a time dif- 
ference t between changeover points of two signals is ad- 
justable by changing the ratio of the sizes of the transis- 
tors of the gate chains AA and BB. The ratio may be, for 
example, 1.5. This delay circuit is capable of sustaining an 
output level for a given interval around a rise of a control 
signal irrespective of the period of the control signal. 
[0188] The 10th embodiment of FIG. 14 generates a first control 
signal X by passing a clock signal CLK through inverters II 
and 12, and a second control signal Y by passing the clock 
signal CLK through the inverter II. An input end IN(AA) of 
the first gate chain AA is connected to an inverter consist- 
ing of an N-channel MOS transistor TRO and a P-channel 
MOS transistor TR00. More precisely, the input end IN(AA) 



is connected to the gates of the transistors TRO and TROO, 
and the output of these transistors is supplied to the gate 
circuit Al. 

[0189] An output end OUT(AA) of the first gate chain AA is set to 
a high impedance state (open), and an input terminal 
IN(BB) of the second gate chain BB is fixed at high level. 
An output end OUT(BB) of the second gate chain BB is 
connected to an inverter 10, which is connected to an 
output terminal OUT of the delay circuit to provide a sta- 
ble output signal. 

[0190] Figure 15 shows a delay circuit according to the 11th em- 
bodiment of the present invention. Gate circuits Al to An 
and Bl to Bm of gate chains AA and BB are inverters hav- 
ing power source controlling transistors. For example, the 
inverter Al of the gate chain AA has a P-channel MOS 
transistor TR11 controlled by a control signal X (/CLK) and 
an N-channel MOS transistor TR12 controlled by a control 
signal Y (CLK). These transistors are activated and inacti- 
vated according to the level of a clock signal CLK. 

[0191] An input end IN(AA) of the gate chain AA is connected to 
an inverter consisting of transistors TRO and TROO. The 
source of the transistor TRO is connected to a transistor 
TRI controlled by the control signal Y. The control signal X 



is produced by passing the clock signal CLK through in- 
verters II, 12, and 13. The control signal Y is produced by 
passing the clock signal CLK through the inverter II and 
an inverter 14. In this way, each of the gate circuit Al to 
An and Bl to Bm is provided with the power source con- 
trolling transistors TR11 and TR12 that uniformly bear 
power supplying load. 

[0192] Figure 16 shows a delay circuit according to the 12th em- 
bodiment of the present invention. An output end OUT(BB) 
of a gate chain BB has an output buffer OB instead of the 
inverter 10 of the 11th embodiment of FIG. 15. 

[0193] The output buffer OB has delay units Dl and D2 each 
consisting of an odd number of inverters, a latch LA for 
removing an undetermined output state, a NAND gate ND, 
and transistors TR101, TR102, and TR103. Only when a 
signal supplied to an input end IN(AA) of a first gate chain 
AA is high, a signal is supplied to a gate circuit Al of the 
gate chain AA. The output buffer OB catches only a 
changeover point where the level of the output end 
OUT(BB) of the second gate chain BB changes from low to 
high, or from high to low, and provides an output signal. 

[0194] The input end IN(AA) of the first gate chain AA is con- 
nected to a one-way driver, i.e., an N-channel MOS tran- 



sistorTRO responding to low potential (first potential) or 
high potential (second potential). More precisely, the input 
end IN(AA) is connected to the gate of the transistor TRO, 
to provide a signal having no unnecessary changeover 
points. 

[0195] Figure 17 shows a delay circuit according to the 13th em- 
bodiment of the present invention. This embodiment di- 
vides the frequency of an input clock signal by N (N being 
an integer equal to or greater than 2), to produce control 
signals each having a period that is N times longer than 
that of the clock signal. (An example shown in FIGS. 20A 
to 20C halves the frequency of an input clock signal.) The 
13th embodiment, therefore, employs N pairs of first and 
second gate chains AA and BB. FIG. 17 particularly shows 
a superposing output buffer OB' of the 13th embodiment, 
for superposing the outputs OUT(BBl) to OUT(BBN) of the 
second gate chains BB1 to BBN of the N paris. The output 
buffer OB' corresponds to the output buffer OB of FIG. 16. 

[0196] The outputs OUT(BBl) to OUT(BBN) are connected to 
switching transistors TR112 and TR113 to TR1N2 and 
TR1N3, respectively. These switching transistors corre- 
spond to the transistors TR102 and TR103 of FIG. 16. The 
drains of the transistors TR112 to TR1N2 are connected to 



one another, to provide a superposed output OUT. The 
superposed output OUT has the same frequency, as and a 
different phase, from the clock signal CLK. It is possible to 
employ a controller to reset the outputs OUT(BBl) to 
OUT(BBN) to a given level. 

[0197] Figure 18 explains a timing controller according to the 

14th embodiment of the present invention. This embodi- 
ment is based on the 13th embodiment and divides the 
frequency of an input clock signal CLK by 3, to produce 
three control signals 1 to 3 each having a period that is 
three times longer than that of the clock signal CLK. 

[0198] The three control signals 1 to 3 are supplied to three pairs 
of first and second gate chains. The three pairs provide 
output signals 1 to 3, respectively. These output signals 1 
to 3 are superposed by a superposing output buffer OB' 
similar to that of FIG. 17, to provide a superposed output 
signal OUT that is independent of the frequency of the 
clock signal CLK. The superposed output signal OUT has 
the same frequency, as and a different phase, from the 
clock signal CLK. 

[0199] Figure 19 explains an application of the present invention. 
This application-involves a timing controller 61 according 
to the present invention, an optional circuit 62, and an 



output buffer 63. 

[0200] The timing controller 61 produces an internal clock signal 
(a second clock signal) by changing the phase of an exter- 
nal input clock signal (a first clock signal) CLK. The inter- 
nal clock signal is supplied to the output buffer 63 that 
receives the output of the optional circuit 62. The output 
buffer 63 provides an output in synchronization with the 
internal clock signal. 

[0201] Any timing controller or delay circuit according to the 
present invention is applicable not only to the arrange- 
ment of FIG. 19 but also to a variety of arrangements. 

[0202] Figures 20A to 20C show a clock generator employing a 
timing controller according to the present invention. The 
clock generator includes a programmable delay circuit 71, 
a dummy wiring delay circuit 72, and a 1/2-frequency di- 
vider 73. 

[0203] Figures 21A and 2 IB are timing charts showing signals in 
the clock generator of FIGS. 20A to 20C. The clock gener- 
ator involves a clock signal CLK, a control signal X, a con- 
trol signal Y that is an inversion (/X) of the control signal 
X, internal signals A, B, and C, and output signals El to 
E31 of gate circuits (inverters) of gate chains incorporated 
in the clock generator. 



[0204] The frequency divider 73 halves the frequency of the clock 
signal CLK, to provide the control signals X and Y each 
having a period twice as long as the clock signal CLK. The 
control signals X and Y are supplied to two circuits 74 and 
75. The circuit 74 includes first and second gate chains 
AA1 and BB1, and the circuit 75 includes first and second 
gate chains AA2 and BB2. An output buffer OB' super- 
poses the outputs OUT(BBl) and OUT(BB2) of the circuits 
74 and 75, as explained with reference to FIGS. 16 and 
17, to provide a superposed output OUT(G). This output 
OUT(G) is supplied as an output control clock signal to a 
read controller 70, which calculates a logic of the signal 
OUT(G) and a read control signal/RE, to read data D(l) to 
D(8). 

[0205] Each of common nodes of the first and second gate chains 
AA1 (AA2) and BB1 (BB2) is connected to a capacitor CL to 
elongate the signal propagation characteristics of the gate 
circuits. Capacitance values of the capacitors CL gradually 
increase from the input side IN(AAl) (IN(AA2)) toward the 
output side OUT(AAl) (OUT(AA2)) of the first gate chain 
AA1 (AA2), to gradually increase delay time provided by 
gate circuits (inverters). More precisely, first part on the 
input side IN(AAl) (IN(AA2)) of the first gate chain AA1 



(AA2) has no capacitors, to provide a short delay time. For 
example, the capacitance of the 41st capacitor CL is four 
times larger than the capacitance CIN of the first part on 
the input side, and the capacitance of the 51st capacitor 
CL is 12 times larger than the capacitance CIN. 

[0206] | n signal lines for transmitting the control signals X and Y, 
inverters (buffers) IA and IB are arranged for every 10 gate 
circuits. Through these inverters, the signal lines alter- 
nately serve for the opposite gate chains. The structure of 
the superposing output buffer OB', the levels of the output 
ends OUT(AAl) and OUT(AA2) of the first gate chains AA1 
and AA2, and the levels of the input ends IN(BBl) and 
IN(BB2) of the second gate chains BB1 and BB2 are the 
same as those of the preceding embodiments, and there- 
fore, they are not explained again. 

[0207] | n t his way, the clock generator superposes the outputs of 
the two circuits 74 and 75 having the first and second 
gate chains AA1 and BB1 and AA2 and BB2, to provide the 
superposed output OUT(G) that has the same frequency as 
and a different phase from the input clock signal CLK. The 
clock generator is capable of sustaining the output for a 
given interval around a rise of the clock signal CLK irre- 
spective of the frequency of the clock signal CLK. 



[0208] As explained above in detail, the present invention pro- 
vides a timing controller having a time difference ex- 
pander to expand a time difference t between changeover 
points of first and second signals N times (N being an in- 
teger equal to or greater than 2), to properly control the 
timing of a control signal according to the period of the 
control signal. 

[0209] Below, embodiments of a controlled delay circuit accord- 
ing to the present invention will be explained by compar- 
ing the prior art. 

[0210] Figure 22 shows an example of a controlled delay circuit 
according to a prior art. In FIG. 22, reference numeral 300 
denotes a unit delay circuit (UD), 301 denotes a multi- 
plexer (MUX), 302 denotes a phase detector (phase com- 
parator), and 303 and 304 denote RC-delay circuits. 

[° 211 ] In the controlled delay circuit shown in FIG. 22, a plurality 
of outputs of a delay line constituted by a plurality of unit 
delay circuits 300, or outputs of the unit delay circuits 
300 are selected by the multiplexer 301, and an output 
clock signal CLK' including a specific delay time is output. 
Namely, the phase detector 302 compares an output sig- 
nal fed back through the RC-delay circuit 304 with an in- 
put clock signal CLK, and the multiplexer 301 is con- 



trolled by control signals (UP and DOWN) output from the 
phase detector 302, so that the output clock signal CLK' is 
delayed by the specific delay time from the input clock 
signal CLK. Note that, each of the RC-delay circuits 303 
and 304 is a delay circuit constituted by resistors (R) and 
capacitors (C), and the output signal (output clock signal) 
CLK' is output through the RC-delay circuit 303. 

[0212] Therefore, in the controlled delay circuit of FIG. 22, the 

delay line having a plurality of unit delay circuits 300 must 
be provided, and a power consumption becomes large. 

[0213] Figure 23 shows another example of a controlled delay 
circuit according to a prior art. In FIG. 23, reference nu- 
meral 305 denotes a driver circuit, 306 denotes a multi- 
plexer (MUX), and 307 denotes a capacitor array circuit. 

[0214] | n t he controlled delay circuit shown in FIG. 23, the phase 
detector 302 compares an output signal fed back through 
the RC-delay circuit 304 with the input clock signal CLK, 
an output load capacitance (capacitance value set by the 
capacitor array circuit 307) is selected by the multiplexer 
306 in accordance with control signals (UP and DOWN) 
output from the phase detector 302, and thereby a rising 
time and a falling time are controlled. Namely, an output 
clock signal CLK' is delayed by a specific delay time from 



an input clock signal CLK, by using the bluntness of the 
input clock signal CLK. Note that, each of the RC-delay 
circuits 303 and 304 is a delay circuit constituted by re- 
sistors (R) and capacitors (C), and the output signal 
(output clock signal) CLK' is output through the RC-delay 
circuit 303, similar to that shown in FIG. 22. 

[0215] Therefore, in the controlled delay circuit of FIG. 23, the 
delay time is determined by the bluntness of a signal 
(input clock signal CLK) in accordance with the load ca- 
pacitance, and an accuracy of the delay time (output clock 
signal CLK') becomes reduced and the delay time may be 
fluctuated by a noise, and the like. 

[0216] Figure 24 schematically shows an example of a phase- 
locked loop (PLL) circuit according to a prior art. In FIG. 
24, reference numeral 310 denotes an oscillator, 320 de- 
notes a phase comparator, and 330 denotes a control cir- 
cuit. 

[0217] Generally, it is called a PLL (Phase-Locked Loop) circuit 
that a circuit including an oscillator whose phase is con- 
trolled by a control signal (CTRL). This PLL circuit mainly 
includes a ring oscillator having a plurality of gate circuits 
(odd number of gate circuits) where a delay time of the 
gate circuits is controlled by the applied voltage, and thus 



the PLL circuit is generally constituted by an analogue cir- 
cuit. Note that, when the delay time is controlled by a load 
value of the gates, transistor size, or the number of the 
gates, the circuit may be called as a digital PLL circuit. 

[0218] As shown in FIG. 24, various clock signals having various 
phase (30, 90, or 120 degree) can be output by taking up 
signals output from various gates of the oscillator 310, 
and thus two times cycle, three times cycle, and the like 
can be obtained. 

[0219] However, the PLL circuit basically comprises the oscillator 
310, the phase comparator 320, and the control circuit 
330, and the control operations for the phase comparison 
or the delay time definition are, for example, fluctuated 
due to a power supply voltage or a circumference temper- 
ature. Further, in the PLL circuit, the oscillator 310 is con- 
stituted as a ring oscillator, and thus a power consump- 
tion becomes large. 

[0220] By the way, as described above, the PLL circuit includes a 
ring oscillator, and a circuit including an open type gate 
array is called a DLL (Delay-Line-Lock) circuit. The con- 
trolled delay circuits of the present invention, which will 
be explained below, are mainly applied to the DLL circuit. 
This DLL circuit can reduce a consumption power (standby 



current), and increase a stable operation against a noise. 
Further, the controlled delay circuit of the present inven- 
tion can be applied to a clock signal generator for gener- 
ating a clock signal of a high speed DRAM device. 
[0221] Figure 25 shows a principle configuration of a DLL circuit 
employing a controlled delay circuit according to the 
present invention. In FIG. 25, reference numeral 411 de- 
notes a first converter circuit (CA), 412 denotes a gate 
step information converter circuit (CD), 413 denotes a 
second converter circuit (CB), and 410 denotes an adjust- 
ing circuit having a phase comparator 420 and a control 
circuit 430. 

[0222] Figures 26A and 26B show a principle configuration of a 
controlled delay circuit employing the present invention. 
In FIGS. 26A and 26B, reference CA denotes a first con- 
verter circuit (t to N converter), CB denotes a second con- 
verter circuit (NT to t" converter), CD denotes a gate step 
information converter circuit (N to N' converter), and CE 
denotes a reset circuit portion. 

[0223] As shown in FIGS. 26A and 26B, a first converter circuit CA 
comprises a plurality of first unit circuits UA which are ar- 
ranged to transmit a first input signal CLK-A in a right di- 
rection Dl, and a second converter circuit CB comprises a 



plurality of second unit circuits UB which are arranged to 
transmit a third input signal IN in a left direction D2. 
[0224] The first converter circuit CA is used to convert a first 

time difference (t) between a changeover point of the first 
input signal CLK-A and a changeover point of a second 
input signal CLK-B into first gate step information (N-bit) 
indicating the number of gates corresponding to the first 
time difference. The second converter circuit CB is used to 
convert second gate step information (N'-bit) indicating 
the number of gates determined according to the first 
gate step information (N-bit) into a second time differ- 
ence (t 1 ), to delay the third input signal IN supplied to the 
second converter circuit CB by the second time difference 
(t') and provide the delayed signal as an output signal 
(OUT). 

[0225] N 0 te that the second unit circuit UB of the second con- 
verter circuit CB is used to reproduce the delay time of the 
first unit circuit UA of the first converter circuit CA. Fur- 
ther, the reset circuit portion CE includes a plurality of re- 
set circuits RST which reset input and output signals to 
and from the second unit circuits UB just before the third 
input signal IN is supplied to the second converter circuit 
CB. 



[0226] Namely, the first converter circuit CA has an array of at 

least one first unit circuits UA regularly arranged to trans- 
mit the first input signal CLK-A in a first direction Dl, and 
the second converter circuit CB has an array of at least 
one second unit circuits UB regularly arranged to transmit 
the third input signal IN in a second direction D2 opposite 
to the first direction Dl. 

[0227] Figures 27A and 27B show clock signal generation cir- 
cuits, and FIG. 27C is a timing chart for explaining opera- 
tions of the clock signal generation circuits of FIGS. 27A 
and 27B. Namely, FIG. 27A shows a first clock signal 
(CLK-A) generation circuit, and FIG. 27B shows a second 
clock signal (CLK-B) generation circuit. 

[0228] As shown in FIGS. 27A and 27B, the first and second clock 
signal generation circuits have the same configuration, 
and the clock signal generation circuit includes a P- 
channel and an N-channel MOS transistors and a latch cir- 
cuit constituted by two inverter circuits. The first clock 
signal (first input signal CLK-A) is generated by using two 
control signals (CLK-A1 and CLK-A2), and the second 
clock signal (second input signal CLK-B) is generated by 
using two control signals (CLK-B1 and CLK-B2). Namely, 
these clock signals (CLK-A and CLK-B) are not only sup- 



plied from an external as themselves, but also these clock 
signals are generated by using specific signals (CLK-A1, 
CLK-A2; CLK-B11, CLK-B2). 

[0229] As shown in FIG. 27C, a time difference t is determined by 
a period from the first input signal CLK-A rising to the 
second input signal CLK-B falling and by a period from 
the first input signal CLK-A falling to the second input 
signal CLK-B raising. Namely, the time difference t is de- 
termined by a time between a changeover point of a first 
input signal CLK-A and a changeover point of a second 
input signal CLK-B. 

[0230] Figure 28 shows a first embodiment of a controlled delay 
circuit according to the present invention, and FIG. 29 is a 
timing chart for explaining operations of the controlled 
delay circuit of FIG. 28. In FIG. 28, reference CA denotes a 
first converter circuit, CB1 and CB2 denote second con- 
verter circuits, CD1 and CD2 denote gate step information 
converter circuits, and RA denotes a latch circuit. 

[0231] As shown in FIG. 28, the controlled delay circuit of the 
first embodiment comprises one first converter circuit (t 
to N converter) CA, two second converter circuits (NT to t" 
converter) CB1 and CB2, two gate step information con- 
verter circuits (N to NT converter) CD1 and CD2, and one 



latch circuit RA. The first converter circuit CA includes a 
plurality of unit circuits (first unit circuits) UA, and each of 
the second converter circuits CB1 and CB2 includes a plu- 
rality of unit circuits (second unit circuits) UB. 

[0232] | n t he first converter circuit CA, each first unit circuit UA is 
constituted by a NOR or NAND gate circuit. Concretely, in 
the first converter circuit CA, even ones (even steps) of the 
first unit circuits UA are NOR gate circuits and odd ones 
thereof are NAND gate circuits. Namely, the first unit cir- 
cuits UA have inverting gate circuits at least having an in- 
version function, and the delay time of each gate of the 
inverting gate circuits is used as a unit time for conver- 
sion. Note that, in the above first embodiment, even ones 
(even steps) of the first unit circuits UA can be constituted 
by NAND gate circuits and odd ones thereof can be con- 
stituted by NAND gate circuits, and further various logic 
circuit configurations can be applied. 

[° 233 ] Similarly, in the second converter circuit CB1 and CB2, 
each second unit circuit UB is constituted by two NOR or 
NAND gate circuits. Concretely, in the second converter 
circuit (one of the two second converter circuits) CB1, 
even ones (even steps) of the second unit circuits UB are 
NOR gate circuits and odd ones thereof are NAND gate 



circuits. Further, in the second converter circuit (the other 
of the two second converter circuits) CB2, even ones (even 
steps) of the second unit circuits UB are NAND gate cir- 
cuits and odd ones thereof are NOR gate circuits. Namely, 
the second unit circuits UB have inverting gate circuits at 
least having an inversion function, and the delay time of 
each gate of the inverting gate circuits is used as a unit 
time for conversion. Note that each second unit circuit is 
constituted by two NAND or NOR gate circuits and one of 
them is not substantially operated, in order to exactly de- 
fine the time (unit time) of each second unit circuit by 
maintaining a symmetrical circuit. 
[0234] Each unit circuit of the latch circuit RA is constituted by 
two NOR or NAND gate circuits, and this latch circuit RA 
latches (stores) data output from the first unit circuits UA 
of the first converter circuit CA and supplied to the 
latched data to the second converter circuit CB1 and CB2 
through the gate step information converter circuits CD1 
and CD2. 

[0235] | n the first embodiment of the controlled delay circuit ac- 
cording to the present invention, the first converter circuit 
CA converts a first time difference (t) between a 
changeover point of the first input signal CLK-A and a 



changeover point of a second input signal CLK-B into first 
gate step information (N-bit) indicating the number of 
gates corresponding to the first time difference. Namely, 
in the first converter circuit CA, a signal change is trans- 
ferred to N-bit first unit circuit UA corresponding to the 
time difference t, and this signal change is stored 
(latched) in the latch circuit RA. The data (output of the 
specific first unit gate UA next to the first unit gate re- 
ceiving the transferred signal) stored in the latch circuit 
RA are supplied to the second converter circuits CB1 and 
CB2 through the gate step information converter circuits 
CD1 and CD2. Further, in these second converter circuit 
CB1 and CB2, the data (corresponding to the output of the 
specific first unit gate) are transferred to the output ter- 
minal (OUT). 

[0236] Note that, in the above first embodiment, the gate step 
information converter circuits CD1 and CD2 are consti- 
tuted to directly supply data from the first unit circuits UA 
of the first converter circuit CA to the second unit circuits 
UB of the second converter circuits CB1 and CB2, respec- 
tively, to adjust the delay time of the second converter 
circuits CB1 and CB2 to that of the first converter circuit 
CA. Namely, the step information converter circuits CD1 



and CD2 carry out an N-bit to N-bit conversion. 

[0237] Therefore, as shown in FIG. 29, the delay times of nodes 
(1) and (2) are determined to t, so that an output signal 
OUT having a delay time T(delayed input signal IN by t) is 
obtained. Note that pulse widths (TWO) of the signals ap- 
peared at the nodes (1) and (2) are determined by a latch 
circuit LAO and a delay line DLO having a plurality of in- 
verter circuits which are provided at the output terminal 
(OUT), as shown in FIG. 28. Namely, the signal of the node 
(1) is maintained at a high level "H" without outputting the 
pulse (TWO), where an output P-channel MOS transistor is 
switched OFF; and the signal of the node (2) is maintained 
at a low level "L" without outputting the pulse (TWO), 
where an output N-channel MOS transistor is switched 
OFF, so that the output terminal (OUT) is maintained at a 
high impedance state without outputting the pulse (TWO) 
of the signals of the nodes (1) and (2). 

[0238] N 0 te that the first gate step information (N-bit) is a set of 
data gathered from all or part of the first unit circuits 
(UA), and the second gate step information (N'-bit) is a set 
of data supplied to all or part of the second unit circuits 
(UB). In the above first embodiment, the first gate step in- 
formation (N-bit) is a set of data gathered from all of the 



first unit circuits (UA), and thus the second gate step in- 
formation is the same as the first gate step information. 
Further, signals synchronous to the bits of the first gate 
step information, respectively, are supplied as the second 
gate step information directly to the second converter cir- 
cuit. 

[0239] Figures 30A and 30B show a second embodiment of a 

controlled delay circuit according to the present invention, 
and FIG. 31 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 30A and 30B. 

[0240] As shown in FIGS. 30A and 30B, in this second embodi- 
ment of the controlled delay circuit according to the 
present invention, a latch circuit (second latch circuit) RB 
is also provided in addition to the latch circuit (first latch 
circuit) RA described in the above first embodiment. The 
latch circuit RB, which is provided due to the second unit 
circuits UB of the second converter circuits CB1 and CB2 
(CB), is used to store (latch) data supplied to the second 
unit circuits UB, and thereby stable signals (first gate step 
information) are supplied to the second converter circuits 
CB1 and CB2 (second unit circuits UB). 

[0241] N 0te t hat, in FIGS. 30A and 30B, a reference WR denotes 
write control circuit, and this write control circuit WR is 



used to write the data stored in the first latch circuit RA 
into the second latch circuit RB in accordance with a logi- 
cal output signal of the first and second input signals 
CLK-A and CLK-B. Further, the timing chart of FIG. 31 
corresponds to that of FIG. 29, and thus whole operation 
of the second embodiment is the same as that of the sec- 
ond embodiment. 

[0242] Figures 32A and 32B show unit circuits of the controlled 
delay circuit according to the present invention, and FIG. 
32C is a timing chart for explaining operations of the unit 
circuits of FIGS. 32A and 32B. 

[0243] As shown in FIGS. 32A and 32B, each unit circuit (UA, UB) 
has an inverter circuit (inverting gate circuits at least hav- 
ing an inversion function), and the delay time of each in- 
verter circuit is used as a unit time for conversion. 
Namely, in the first converter circuit CA, the time differ- 
ence t is converted into the first gate step information 
(N-bit) based on the unit time of the first unit circuit UA, 
and in the second converter circuit CB, the second gate 
step information (N'-bit) is converted into the second time 
difference t' based on the unit time of the second unit cir- 
cuit UB. 

[0244] a s shown in FIG. 32C, in the unit circuits of FIGS. 32A and 



32B, a period between a changeover point of the first in- 
put signal CLK-A and a changeover point where the sec- 
ond input signal CLK-B changes from a high level "H" to a 
low level "L" is held as the first gate step information 
(N-bit) corresponding to the first time difference t. 

[0245] Figures 33A and 33B show another unit circuits of the 

controlled delay circuit according to the present invention. 

[0246] as shown in FIGS. 33A and 33B, each unit circuit (UA, UB) 
comprises a reset-signal input terminal (RESET) to set 
output (O) opposite to expected value just before the sig- 
nal dependent on the first input signal CLK-A are trans- 
mitted. Further, each unit circuit (UA, UB) comprises a 
data fetch circuit CI for fetching data from the unit circuit 
at a changeover point of the second input signal CLK-B. 

[0247] Figures 34A and 34B show still another unit circuits of the 
controlled delay circuit according to the present invention. 

[0248] As shown in FIGS. 34A and 34B, the first and second unit 
circuits (UA, UB) bias input thresholds of the first and sec- 
ond converter circuits (CA, CB), to hasten the delay time of 
those of the unit circuits that transmit signals dependent 
on the first input signal CLK-A. Namely, in the unit circuit 
(NAND type unit circuit) of FIG. 34A, a size (transistor 
size) of each P-channel type MOS transistors is manufac- 



tured larger than that of each N-channel type MOS tran- 
sistors. Further, in the unit circuit (NOR type unit circuit) 
of FIG. 34B, a size of each P-channel type MOS transistors 
is manufactured smaller than that of each N-channel type 
MOS transistors. Therefore, the unit delay time (quantized 
delay time) of each unit circuit (UA, UB) can be shortened, 
and the delay time included in the output signal (OUT) can 
be controlled in higher accuracy. 

[0249] Figures 35A and 35B show still another unit circuits of the 
controlled delay circuit according to the present invention. 

[0250] as shown in FIGS. 35A and 35B, each unit circuit (UA, UB) 
has a delay time adjusting capacitor CC whose capaci- 
tance value corresponds to the input capacitance value of 
the above described data fetch circuit (CI), in order to 
equalize the delay time of each unit circuit to that of one 
unit circuit of the first converter circuit CA. Note that, in 
the unit circuits of FIGS. 35A and 35B, the delay time ad- 
justing capacitor CC is constituted by a P-channel and an 
N-channel MOS transistors, but the delay time adjusting 
capacitor CC can be constituted by a various capacitor 
means. In addition, each of the unit circuits also com- 
prises a reset-signal input terminal (RESET) to set output 
(O) opposite to expected value just before the signal de- 



pendent on the third input signal IN are transmitted. 

[0251] Figure 36 shows a third embodiment of a controlled delay 
circuit according to the present invention, and FIG. 37 is a 
timing chart for explaining operations of the controlled 
delay circuit of FIG. 36. 

[0252] As shown in FIG. 36, the controlled delay circuit of the 
third embodiment comprises two first converter circuits 
CA1 and CA2, and two second converter circuits CB1 and 
CB2. The first gate step information (N-bit) of the first 
unit circuits UA of each first converter circuit CA1 (CA2) is 
directly supplied to the second unit circuits UB of each 
second converter circuit CB1 (CB2), and the delay time of 
the second converter circuit CB1 (CB2) is adjusted to that 
of the first converter circuit CA1 (CA2). 

[0253] Note that, in the second converter circuit (one of the two 
second converter circuits) CB1, a first stage (first step) of 
the unit circuits UB is NOR type unit circuit, conversely, in 
the second converter circuit (another of the two second 
converter circuits) CB2, a first stage of the unit circuits UB 
is NAND type unit circuit. Further, as shown in FIG. 37, the 
controlled delay circuit of the third embodiment outputs 
an output signal (OUT) having a delay time 2T(two times 
the first time difference t). 



[0254] Figures 38A and 38B show a fourth embodiment of a con- 
trolled delay circuit according to the present invention, 
and FIG. 39 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 38A and 38B. 

[0255] | n the controlled delay circuit of the fourth embodiment, a 
gate step information converter circuit CD1 (CD2) is in- 
serted between the first converter circuit CA1 (CA2) and 
the second converter circuit CB1 (CB2). Note that, the gate 
step information converter circuit CD1 (CD2) supplies data 
from every "M"th (in this fourth embodiment, every third) 
of the first unit circuits UA of the first converter circuit 
CA1 (CA2) to the second unit circuits UB of the second 
converter circuit CB1 (CB2), to set the delay time of the 
second converter circuit CB1 (CB2) to 1/M (in this fourth 
embodiment, 1/3) of that of the first converter circuit CA1 
(CA2). 

[0256] Concretely, as shown in FIGS. 38A and 38B, in the con- 
trolled delay circuit of the fourth embodiment, one unit 
circuit (UD) of the gate step information converter circuit 
CD2 is provided for three unit circuits UA1, UA2, and UA3 
of the first converter circuit CA2. Consequently, as shown 
in FIG. 39, the delay time included in the output signal 
OUT is determined to be t/3 (1/3 of the first time differ- 



ence t). 

[0257] Namely, according to this embodiment, an output signal 
including a required delay time (t/M) can be obtained. 
Further, the gate step information converter circuit CD 
(CD1, CD2) can supply data from one of the first unit cir- 
cuits UA, to M pieces of the second unit circuits UB, to set 
the delay time of the second converter circuit CB (CB1, 
CB2) to M times as long as that of the first converter cir- 
cuit CA (CA1, CA2). 

[0258] Figures 40A and 40B show a fifth embodiment of a con- 
trolled delay circuit according to the present invention, 
and FIG. 41 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 40A and 40B. 

[0259] As shown in FIGS. 40A to 41, in the controlled delay cir- 
cuit of the fifth embodiment, the unit circuit (UD) of the 
gate step information converter circuit CD1 (CD2) is pro- 
vided for two unit circuits (UA) of the first converter circuit 
CA1 (CA2). In this case, a specific number (odd number) 
of inverter circuits (in this fifth embodiment, one inverter 
circuit) II is provided for each input of the unit circuit of 
the gate step information converter circuit CD1 (CD2). 
Namely, one inverter circuit II is alternately provided for 
the unit circuits of the gate step information converter 



circuit. 

[0260] Further, as shown in FIGS. 40A to 41, in fifth embodiment, 
the two first converter circuits CA1 and CA2 are provided 
to separately set a delay time-of a rise of the first input 
signal CLK-A in the first converter circuit CA1 and a delay 
time of a fall of the first input signal CLK-A in the other 
first converter circuit CA2. 

[0261] Namely, as shown in FIG. 41, time differences t1 and t2 
can be separately set. The time difference t1 is deter- 
mined when the second input signal CLK-B is changed 
from a high level "H" to a low level "L" during the first in- 
put signal CLK-A is maintained at a high level "H", and the 
time difference t2 is determined when the second input 
signal CLK-B is changed from a low level "L" to a high 
level "H" during the first input signal CLK-A is maintained 
at a low level "L". Further, in this fifth embodiment, the 
delay times included in the output signal OUT are deter- 
mined to be t1/2(0.5*t1) and t2/2 (0.5*t2). The delay 
time 0.5*t1 is a delay time when the output signal OUT is 
changed from a high level "H" to a low level "L", and the 
delay time 0.5*t2 is a delay time when the output signal 
OUT is changed from a low level "L" to a high level "H". 
Note that, in this fifth embodiment, the output signal OUT 



is inverted from the input signal (third input signal) IN, 
but these signal levels are changed in accordance with the 
circuit configurations (logic circuit configurations) of the 
first and second converters, gate step information con- 
verter circuit, and the like. 

[0262] Figures 42A and 42B show a sixth embodiment of a con- 
trolled delay circuit according to the present invention, 
and FIG. 43 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 42A and 42B. 

[0263] As shown in FIGS. 42A and 42B, even and odd unit circuits 
in the first converter circuit CA1 (CA2) are alternately 
NAND and NOR unit circuits, and even unit circuits for 
producing a delay time of a rise of a signal and odd unit 
circuits for producing a delay time of a fall of the signal in 
the second converter circuit CB1 (CB2) are alternately 
NAND and NOR unit circuits with the arrangement of the 
NAND and NOR unit circuits for the rise delay time being 
opposite to that of the NAND and NOR unit circuits for the 
fall delay time. Note that the time difference t1 is deter- 
mined when the second input signal CLK-B is changed 
from a high level "H" to a low level "L" during the first in- 
put signal CLK-A is maintained at a high level "H", and the 
time difference t2 is determined when the second input 



signal CLK-B is changed from a low level "L" to a high 
level "H" during the first input signal CLK-A is maintained 
at a low level "L". Further, output data (first gate step in- 
formation (N-bit)) of the first converter circuit CA1 (CA2) 
are temporary stored (latched) in the latch circuit RA1 
(RA2). Therefore, as shown in FIG. 43, an output signal 
OUT having delay times (rise delay time and fall delay 
time) t1 and t2 can be obtained. 
[0264] Namely, in the sixth embodiment shown in FIGS. 42A to 
43, the first converter circuit CA1 converts a time differ- 
ence (t1) between a rise of the first input signal CLK-A 
and a changeover point of the second input signal CLK-B 
into gate step information indicating the number of gates, 
and the other first converter circuit CA2 converts a time 
difference (t2) between a fall of the first input signal CLK- 
A and a changeover point of the second input signal CLK- 
B into gate step information indicating the number of 
gates. A delay time of a rise of the third input signal IN 
supplied to the second converter circuit CB (CB1, CB2) and 
a delay time of a fall of the third input signal IN are sepa- 
rately determined according to the two pieces of gate step 
information. 

[0265] Further, the oscillation frequency of the third input signal 



IN can be changed in accordance with the gate step infor- 
mation indicating the number of gates. 

[0266] Figures 44A and 44B show a seventh embodiment of a 

controlled delay circuit according to the present invention, 
and FIG. 45 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 44A and 44B. 

[0267] | n t he controlled delay circuit of the seventh embodiment 
shown in FIGS. 44A and 44B, a plurality of second con- 
verter circuits CB1 to CB4 are provided in order to sepa- 
rately provide pieces of delay time for a rise and fall of the 
second input signal CLK-B, to increase the oscillation fre- 
quency of the third input signal (IN) by a multiple. Further, 
the plurality of second converter circuits CB1 to CB4 are 
used to separately provide pieces of delay time for a rise 
and fall of the second input signal CLK-B, to change the 
oscillation frequency of the third input signal IN. 

[0268] Namely, as shown in FIG. 45, in the seventh embodiment, 
the frequency of the input signal (third input signal) IN is 
changed (increased to four times) by logically combining 
signals of the nodes (1) to (4). Further, in this seventh 
embodiment, the delay time included in the output signal 
OUT is determined to a half (t/2) of the first time differ- 
ence T. 



[0269] Figure 46 shows an example of an array configuration ap- 
plied to the controlled delay circuit according to the 
present invention, and FIG. 47 shows another example of 
an array configuration applied to the controlled delay cir- 
cuit according to the present invention. Note that the ar- 
ray configurations of FIGS. 46 and 47 show examples of 
the first converter circuit CA. 

[0270] As shown in FIG. 46, the first stage (step) of the unit cir- 
cuits UA of the first converter circuit CA is supplied with a 
first input signal CLK-A to start the transferring operation 
of the first converter circuit CA. 

[0271] By comparing the unit circuit shown in FIG. 47 with that 
shown in FIGS. 34A and 34B, the first input signal CLK-A 
can be supplied as a reset signal (RESET) to the first unit 
circuits UA, to put a delay forming gate in each of the first 
unit circuits UA in a reset state or an inverted state. Note 
that, in the first converter circuit CA of FIG. 47, an input of 
the first stage of the unit circuits UA is fixed at a high 
level "H", and the transferring operation of the first con- 
verter circuit CA is started when the first input signal CLK- 
A specifies the inverted state. Namely, an input to the first 
one of the first unit circuits UA is set to a fixed level, and 
when the first input signal CLK-A specifies the inverted 



state, the first converter circuit CA starts signal transmis- 
sion. 

[0272] Figures 48 and 49 show still another examples of an array 
configuration applied to the controlled delay circuit ac- 
cording to the present invention, and the array configura- 
tions of FIGS. 48 and 49 show examples of the second 
converter circuit CB. 

[0273] As shown in FIGS. 48 and 49, the second converter circuit 
CB receives the second gate step information (N'-bit) and 
converts into a second time difference (t 1 ) which corre- 
sponds to a delay time included in the output signal OUT. 

[0274] As described above, with reference to FIGS. 31 to 35 and 
FIGS. 40 to 53, the first stage of the second unit circuits 
UB includes an inverter delay circuit. Further, the first 
stage of the second unit circuits UB can be constituted to 
clamp an input to invert the second gate step information 
(N'-bit) if the time difference (t) is longer than the delay 
time of the first converter circuit CA. In addition, the first 
stage of the second unit circuits UB can be constituted to 
clamp an input so that the delay circuit in the first stage 
of the second unit circuits may serve as an inverter. 

[0275] Further, the first and second input signals CLK-A, CLK-B 
can be periodically supplied to the first converter circuit 



CA at intervals of M changeover points (for example, 8 or 
16 changeover points), to reproduce the second gate step 
information (N'-bit). In this configuration, when a master 
clock is fluctuated, the delay time included in the output 
signal OUT can be maintained at a specific value. In addi- 
tion, the reproduced second gate step information 
(Nl-bit) can be reset when the second converter circuit CB 
does not transmit the third input signal IN, in order to 
avoid an obstruction for the transferring operation of the 
converter circuits (CA, CB). FIGS. 50A and 50B show an 
eighth embodiment of a controlled delay circuit according 
to the present invention, and FIG. 51 is a timing chart for 
explaining operations of the controlled delay circuit of 
FIGS. 50A and 50B. In FIGS. 50A and 50B, a reference CD' 
denotes a delay time fluctuation control circuit. 
[0276] as shown in FIGS. 50A and 50B, in the eighth embodi- 
ment, a change between new and old values of the second 
gate step information (N'-bit) is set below a given value, 
to gradually change the delay time. Namely, in the eighth 
embodiment, the delay time fluctuation control circuit CD' 
receives new (present) outputs and old (previous) outputs 
of the first unit circuits UA of the first converter circuit CA, 
and output the reproduced second gate step information 



(N'-bit) whose change value is determined lower than a 
predetermined value (for example, three bit). Further, the 
operation of reproducing the second gate step informa- 
tion (N'-bit) are shown in FIG. 51. Namely, FIG. 51 shows 
that the delay time (t) is determined from each 
changeover points (rise and fall points) of the input signal 
IN. 

[0277] Figures 52A and 52B show a ninth embodiment of a con- 
trolled delay circuit according to the present invention, 
and FIG. 53 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 52A and 52B. 

[0278] This ninth embodiment of FIGS. 52A and 52B is a modifi- 
cation of the seventh embodiment of FIGS. 44A and 44B. 
Namely, in the ninth embodiment, a plurality pairs (two 
pairs) of second converter circuits (CB1, CB2; CB3, CB4) 
are provided, and one (CB1, CB2) of the second converter 
circuits of each pair delays the timing of a rise of an out- 
put (output signal) OUT, the other (CB2, CB4) of the sec- 
ond converter circuits of each pair delays the timing of a 
fall of the output OUT. The output changeover timing of 
opposite output OUT is determined by another output 
changeover timing means, and an output in each of the 
second converter circuits (CB1, CB2; CB3, CB4) and the 



output of the output changeover timing means are con- 
nected to a synthesis output node through buses. 

[0279] N 0 te that each of the second converter circuits CB1 and 
CB3 is constituted to receive alternative output of the first 
unit circuits UA of the first converter circuit CA through 
the gate step information converter circuit CD1 and CD3. 

[0280] Therefore, as shown in FIG. 53, the frequency of the input 
signal (third input signal). IN is increased to two times (as 
large as that of the third input signal IN) by logically com- 
bining signals of the nodes (1) to (4). Further, in this ninth 
embodiment, the delay time included in the output signal 
OUT is determined to a half (t/2) of the first time differ- 
ence t, and further, the output signal OUT is inverted. 

[0281] Figures 54A and 54B show a tenth embodiment of a con- 
trolled delay circuit according to the present invention, 
and FIG. 55 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 54A and 54B. 

[0282] a s shown in FIGS. 54A and 54B, the controlled delay cir- 
cuit of the tenth embodiment comprises four second con- 
verter circuits CB1, CB2, CB3, CB4, and thereby the output 
signal OUT is increased to two times as large as that of 
the third input signal IN. Namely, the controlled delay cir- 
cuit comprises 2M second converter circuits (CB), to pro- 



vide an output signal whose frequency is M times as large 
as that of the third input signal (IN). 

[0283] N 0 te that, as described above embodiments, in the case 
that two second converter circuits (CB1, CB2) are provided 
to separately form delays for a rise and fall of an input 
signal, an output in each of the second converter circuits 
is connected to a synthesized output node through a bus, 
and an output section in each of the second converter cir- 
cuits is provided with a circuit for providing given data 
within a predetermined period after an output is changed 
from one to another, to sufficiently increase output 
impedance in the remaining period. Concretely, for exam- 
ple, as shown in the first embodiment of FIGS. 28 and 29, 
the latch circuit LAO and the delay line DLO having a plu- 
rality of inverter circuits can be provided at the output 
terminal (OUT), in order to maintain the output terminal 
(OUT) at a high impedance state without a specific short 
period (corresponding to the pulse width TWO in FIG. 29) 
when outputting data. 

[0284] Further, it is possible that each of the second converter 
circuits (CB) is provided with a delay time fine adjustment 
circuit, so that each of the second converter circuits can 
provide an output signal whose timing frequency is syn- 



chronous to the third input signal IN. In addition, it is also 
possible to provide an odd number of second converter 
circuits (CB), to connect the inputs and outputs of the 
second converter circuits (CB) to one another to form a 
ring oscillator to provide a signal whose period is L/M 
times (L and M being integers) the time difference (t) set 
by the first converter circuit (CA). 

[0285] Figures 56A and 56B show an eleventh embodiment of a 
controlled delay circuit according to the present invention, 
and FIG. 57 is a timing chart for explaining operations of 
the controlled delay circuit of FIGS. 56A and 56B. 

[0286] The controlled delay circuit of the eleventh embodiment 
comprises an even number of second converter circuits 
(CB) and an odd number of inverter gates, the inputs and 
outputs of the second converter circuits (CB) being con- 
nected to one another through the inverter gates, to form 
a ring oscillator to provide a signal whose period is L/M 
times (L and M being integers) the time difference (t) set 
by the first converter circuit (CA). 

[0287] Namely, as shown in FIGS. 56A and 56B, the controlled 
delay circuit of the eleventh embodiment comprises four 
(even number) second converter circuits CB1, CB2 (CB3, 
CB4), and one (odd number) inverter gate IFD1 (IFD2). The 



output OUT1 of the second converter circuits CB1 and CB2 
is directly connected to the input IN2 of the second con- 
verter circuits CB3 and CB4, and is connected to the input 
/IN2 of the second converter circuits CB3 and CB4 
through the inverter circuit IFD2. Similarly, the output 
OUT2 of the second converter circuits CB3 and CB4 is di- 
rectly connected to the input /INI of the second converter 
circuits CB1 and CB2, and is connected to the input INI of 
the second converter circuits CB1 and CB2 through the in- 
verter circuit IFD1. Therefore, in the eleventh embodi- 
ment, a ring oscillator circuit is constituted, and two out- 
put signals OUT1 and OUT2 having a period t, and the 
phase difference thereof is t/2 (90 degree). Note that this 
eleventh embodiment is only one example, and various 
modifications can be applied to the eleventh embodiment, 
so that a signal whose period is L/M times (L and M being 
integers) the time difference (t) set by the first converter 
circuit (CA) can be obtained. 
[0288] Figures 58A and 58B show a twelfth embodiment of a 

controlled delay circuit according to the present invention. 
Note that this twelfth embodiment corresponds to the 
above eleventh embodiment further including a delay time 
fine adjustment circuit DA (DAI, DA2). 



[0289] Namely, in the twelfth embodiment, the delay time fine 
adjustment circuits DAI and DA2 are provided for the 
second converter circuits CB1, CB2 and CB3, CB4, and 
output signals OUT1 and OUT2 are output through the 
delay time fine adjustment circuits DAI and DA2, so that 
each of the second converter circuits CB1, CB2 and CB3; 
CB4 can provide an output signal OUT1 and OUT2 whose 
timing frequency is synchronous to the third input signal 
IN. 

[0290] Note that, in the second converter circuits (CB), delay cir- 
cuits for electrically controlling a delay time can be pro- 
vided, to obtain a signal whose period is L/M times (L and 
M being integers) the time difference (t) set by the first 
converter circuit (CA), wherein the delay circuits are con- 
trolled to synchronize the changeover timing of the out- 
put of any one of the second converter circuits (CB) with 
the changeover timing of an external clock signal. Further, 
in the second converter circuits (CB), fixed delay time for 
determining in consideration of manufacturing fluctua- 
tions can be provided, to obtain an internal clock signal 
that changes more quickly than the external clock signal 
by the fixed time, wherein the delay circuits are controlled 
to synchronize the changeover timing of the output of any 



one of the second converter circuits (CB) with the 
changeover timing of an external clock signal. 

[0291] As described above, according to the controlled delay cir- 
cuit of the present invention an output signal including a 
required delay time or a required frequency can be ob- 
tained by decreasing consumption power without receiv- 
ing influence of noises caused by power voltage or tem- 
perature fluctuations. 

[0292] By the way, FIG. 59 shows the relationship between an in- 
put time difference and an output time difference in the 
controlled delay circuit of FIGS. 26A and 26B employed by 
the DLL circuit of the related art. 

[0293] The relationship is not an ideal straight line (a dotted line 
in FIG. 59) but a stepwise line (a continuous line in FIG. 
59) with a delay contained in an output signal OUT fluctu- 
ating with respect to an input signal IN. Namely, the out- 
put time difference involves a quantization error TTO cor- 
responding to, for example, a gate unit as well as an off- 
set TT1 with respect to the input time difference, to dete- 
riorate the accuracy of an output signal provided by the 
DLL circuit. 

[0294] The PLL circuit mentioned before is vulnerable to power 
source noise because it is an analog circuit and consumes 



much current depending on the scale of the circuit. The 
DLL circuit of the related art provides an output signal of 
poor accuracy due to the quantization error TTO and off- 
set TT1. 

[0295] Next, controlled delay circuits and control signal genera- 
tors according to a thirteenth to nineteenth embodiments 
of the present invention will be explained with reference 
to the accompanying drawings. 

[0296] Figure 60 is a block diagram showing a controlled delay 
circuit according to a thirteenth embodiment of the 
present invention. The controlled delay circuit has a gate 
array GA and a register circuit RG serving as a gate speci- 
fying circuit. 

[0297] The gate array GA has cascaded gate units GAUs each of 
which receives the output of the preceding gate unit, an 
input signal IN, and the output of a corresponding register 
unit RGU of the register circuit RG. The register circuit RG 
specifies one of the gate units GAUs that starts to delay 
the input signal IN. 

[0298] Each gate unit GAU may consist of inverters, NOR gates, 
NAND gates, and a combination of them. The register cir- 
cuit RG receives an address signal ADDRESS, a write signal 
WRITE, and the input signal IN, to store data that specifies 



one of the gate units GAUs that starts to delay the input 
signal IN. Namely, the number of gate units from the gate 
unit specified by the data stored in the register circuit RG 
to the gate unit that provides an output signal OUT deter- 
mines a delay time applied to the input signal IN, and the 
delayed input signal is provided as the output signal OUT. 
[0299] Figure 61 is a block diagram showing a controlled delay 
circuit according to a fourteenth embodiment of the 
present invention. This controlled delay circuit has an in- 
put switching circuit IS in addition to the arrangement of 
FIG. 60. 

[0300] The input switching circuit IS has switching units ISUs for 
gate units GAUs of a gate array GA, respectively. Each of 
the switching units ISUs receives an input signal IN and 
the output of a corresponding register unit RGU of a reg- 
ister circuit RG. Data stored in the register circuit RG 
specifies one of the switching units ISUs, and through the 
specified switching unit ISU, the input signal IN is supplied 
to a corresponding gate unit GAU. Namely, the input sig- 
nal IN is supplied to one of the gate units GAUs that is 
specified by data stored in the register circuit RG. The 
number of gate units from the specified gate unit to the 
gate unit that provides an output signal OUT determines a 



delay time applied to the input signal IN, and the delayed 
input signal is provided as the output signal OUT. 
[0301] Figures 62 and 63 are block diagrams showing controlled 
delay circuits according to a fifteenth and sixteenth em- 
bodiments of the present invention, respectively. These 
controlled delay circuits employ each a shift register cir- 
cuit SRG instead of the register circuit RG of FIGS. 60 and 
61. 

[0302] The thirteenth and fourteenth embodiments of FIGS. 60 
and 61 employ the register circuit RG as the gate specify- 
ing circuit to directly set data, which specifies one of the 
gate units GAUs that starts to delay an input signal IN, ac- 
cording to the address signal ADDRESS, write signal 
WRITE, and input signal IN. On the other hand, the fif- 
teenth and sixteenth embodiments of FIGS. 62 and 63 use 
an up-shift signal Up-SHIFT, a down-shift signal Down- 
SHIFT, and an input signal IN, to set data to specify one of 
the gate units GAUs that starts to delay the input signal 
IN. 

[0303] Namely, each of the controlled delay circuits of FIGS. 62 
and 63 successively shifts data in the shift register units 
SRGUs in response to the shift signals Up-SHIFT and 
Down-SHIFT, to select one of the gate units GAUs. The 



other arrangements of the fifteenth and sixteenth embod- 
iments of FIGS. 62 and 63 are the same as those of the 
thirteenth and fourteenth embodiments of FIGS. 60 and 
61, respectively. 

[0304] Figure 64 is a block diagram showing a controlled delay 
circuit according to a seventeenth embodiment of the 
present invention. This controlled delay circuit employs a 
comparator CP and a controller CTR. 

[0305] The comparator CP compares an output signal OUT of a 
gate array GA with a reference signal "Reference", and 
provides output signals according to which the controller 
CTR supplies a write signal WRITE, a data signal DATA, 
and an address signal ADDRESS to a register circuit RG. 

[0306] if a delay time contained in the output signal OUT of the 
gate array GA is smaller than the reference signal, i.e., if 
the output signal OUT is ahead of the reference signal, the 
number of gate units involved in delaying the input signal 
IN must be increased. Accordingly, necessary data is writ- 
ten in a register unit RGU on the right side of the 
presently set register unit so that a switching unit ISU on 
the right side of the presently selected switching unit is 
selected in an input switching circuit IS. If the delay time 
contained in the output signal OUT is greater than the ref- 



erence signal, i.e., if the output signal OUT is behind the 
reference signal, the number of gate units GAUs involved 
in delaying the input signal IN must be decreased. Ac- 
cordingly, necessary data is written in a register unit RGU 
on the left side of the presently set register unit so that a 
switching unit ISU on the left side of the presently se- 
lected switching unit is selected. 

[0307] Figure 65 is a block diagram showing a controlled delay 
circuit according to an eighteenth embodiment of the 
present invention. This embodiment employs a shift reg- 
ister circuit SRG instead of the register circuit RG of the 
seventeenth embodiment of FIG. 64. 

[0308] | n Figure 65, a comparator CP compares an output signal 
OUT of a gate array GA with a reference signal "Reference" 
and provides an output signal according to which a shift- 
up signal Up-SHIFT or a shift-down signal Down-SHIFT is 
supplied to the shift register circuit SRG. 

[0309] if a delay time contained in the output signal OUT of the 
gate array GA is smaller than the reference signal, the 
number of gate units GAU involved in delaying the input 
signal IN must be increased. Accordingly, the comparator 
CP provides the shift register circuit SRG with the shift-up 
signal Up-SHIFT. If the delay time contained in the output 



signal OUT is larger than the reference signal, the number 
of gate units GAUs involved in delaying the input signal IN 
must be decreased. Accordingly, the comparator CP pro- 
vides the shift register circuit SRG with the shift-down 
signal Down-SHIFT. 

[0310] Figures 66A and 66B are circuit diagrams showing a con- 
trolled delay circuit according to a nineteenth embodi- 
ment of the present invention. 

[0311] There are two gate arrays GA1 and GA2 that receive the 
output of a single shift register circuit SRG. An input sig- 
nal INI to the gate array GA1 is different from an input 
signal IN2 to the gate array GA2. As a result, an output 
OUT1 from the gate array GA1 and an output OUT2 from 
the gate array GA2 are different from each other but have 
the same delay time. 

[0312] a write control signal WRITE controls the write state of the 
shift register circuit SRG. Under the write state with the 
signal WRITE being at high level, data stored in the shift 
register circuit SRG to select gate units GAUs of the gate 
arrays GA1 and GA2 is shifted according to shift-up and 
shift-down signals Up-SHIFTand Down-SHIFT. 

[0313] Each gate unit GAU consists of four inverters and four 

NAND gates, and each shift register unit SRGU consists of 



six N-channel MOS transistors and six P-channel MOS 
transistors. Naturally, the units CAUs and SRGUs may have 
different structures. 
[0314] Figure 67 is a block diagram showing an example of a 
control signal generator according to the present inven- 
tion. This circuit consists of a first controlled delay circuit 
(first delay circuit), a second controlled delay circuit 
(second delay circuit), a comparator CP, and a shift regis- 
ter SRC 

[0315] The first controlled delay circuit consists of a first gate ar- 
ray GA having cascaded gate units GAUs and a first input 
switching circuit IS1 for controlling the supply of an input 
signal IN (INI) to each gate unit GAU of the first gate array 
GA according to data stored in the shift register circuit 
SRG. The second controlled delay circuit consists of a sec- 
ond gate array GB having cascaded gate units GBUs and a 
second input switching circuit IS2 for controlling the sup- 
ply of an output signal OUT1 (IN2) of the first gate array 
GA to each gate unit GBU of the second gate array GB ac- 
cording to the data stored in the shift register SRG. 

[0316] The input signal IN is passed through a buffer BFO and is 
supplied as the input signal INI to the first input switch- 
ing circuit IS 1. The output signal OUT1 of the first gate 



array GA is passed through a buffer BF1 and is supplied as 
the input signal IN2 to the second input switching circuit 
IS2. An EOR gate G01 logically processes the output signal 
OUT1 of the first gate array GA and an output signal OUT2 
of the second gate array GB and provides an output signal 
OUT. An EOR gate G02 may be installed to logically pro- 
cess the input signal IN (INI) passed through the buffer 
BFO and the output signal OUT1 of the first gate array GA 
passed through the buffer BF1, to provide an output sig- 
nal. The period of the output signal OUT provided by the 
EOR gate G01 (G02) is half that of the input signal IN. 
Namely, the frequency of the output signal OUT is twice as 
large as that of the input signal IN. 
[0317] Corresponding gate units GAU and GBU of the first and 
second gate arrays GA and GB are simultaneously speci- 
fied according to data stored in the shift register circuit 
SRG. Delay monitor circuits DL1 and DL2 each made of re- 
sistors and a capacitor are used to cancel long wiring de- 
lays. 

[0318] As explained above in detail, the present invention pro- 
vides a controlled delay circuit having a gate specifying 
circuit for specifying, according to stored data, one of 
gates of a gate array to start delaying an input signal. The 



present invention also provides a control signal generator 
employing such a controlled delay circuit, for correctly 
generating a high-speed clock signal without a quantiza- 
tion error or an offset. 
[0319] Many different embodiments of the present invention may 
be constructed without departing from the spirit and 
scope of the present invention, and it should be under- 
stood that the present invention is not limited to the spe- 
cific embodiments described in this specification, except 
as defined in the appended claims. 



